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ABSTRACT 
E.B. Farley. Influence of Water Level Management on Vegetation and Bird Use of Restored 
Wetlands in the Montezuma Wetlands Complex, 113 pages, 6 tables, 3 figures, 2020. Wetlands 
Style guide used. 
 
Wetland managers use water draw downs to increase productivity of wetland vegetation, 
especially to benefit foraging waterfowl. I sought to identify effects of three water draw down 
treatments done over three years (full and partial water draw down, and passive wetlands) on 
plant community and bird abundance in wetlands of the Montezuma Wetlands Complex in 
central New York. I detected few plant community differences during summer, but during 
autumn I detected greater vegetative forage quality index, annual plant cover and seed density in 
full and partial draw downs and greater vegetation height variation in passive and partial draw 
downs. Bird abundance was greater in summer in passive wetlands and greater in autumn in full 
draw downs. During spring migration, duck densities were greater in full and partial draw 
downs. Management should target full draw downs and passive wetlands to benefit the greatest 
number and diversity of wetland dependent bird species. 
 
Key words: Marsh birds, Montezuma Wetlands Complex, New York, waterfowl, wetland 
management 
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CHAPTER 1: INTRODUCTION 
Wetlands provide important ecological, environmental, cultural, and economic benefits to 
humans. Flood retention, fish and wildlife habitat, nutrient regulation, and carbon sequestration 
are some of the important ecological functions of wetlands (Costanza et al. 2006). The cultural 
importance of wetlands is often under-valued and -studied, but the heritage and traditions 
resulting from human interactions with wetlands are an important benefit provided by wetlands 
(Verschuuren 2006). Wetlands also deliver a wide range of economic benefits, including 
aesthetic, flood attenuation, recreation, and water quality enhancement (Costanza et al. 2006). 
However, since the late 1700s over 50% of the wetland area in the contiguous United States has 
been drained or filled, primarily for agricultural purposes and urban development (Johnston 
1994), similar to New York, where less than 50% of the original wetlands remain (Dahl 1990). 
Wetland protection by legislation and active restoration from conservation programs helped slow 
these losses (Dahl 2011). Additional efforts to limit wetland loss come from mandated 
restoration of wetlands to compensate for impacts to protected wetlands, also known as wetland 
mitigation (Edmonds and Keating 1997). The quality of ecosystem services provided by 
remaining wetlands is poorly quantified at broad scales, but active water level management 
within restored wetlands often enhances wetland functions and may therefore increase the value 
of remaining wetlands (Dahl 2011, Nadeau and Conway 2015). 
History of Wetland Restoration and Management 
Reestablishing functioning wetland ecosystems across the landscape often includes 
mimicking hydrological regimes that existed prior to modification, although this is typically 
difficult to achieve (Moreno-Mateos et al. 2012). One way to counteract the draining, filling, and 
degradation of wetlands is to restore wetland habitat in areas where it once existed and enhance 
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the functions within wetlands that are degraded. Wetland degradation occurs when functions are 
reduced or eliminated, often the result of modified hydrology, pollution, invasive species (e.g., 
the invasive form of Phragmites australis), or fragmentation (Teal and Petersen 2011). Wetlands 
are often restored by geomorphological modification and removing drainage features, such as 
ditches and infrastructure and invasive species (Zedler and Kercher 2005). In addition, active 
management of hydrology to mimic historic wet and dry cycles is often necessary to sustain 
native wildlife and ecological processes (Nadeau and Conway 2015). 
In the United States, several programs are directed at wetland restoration and 
enhancement, such as the Conservation Reserve Enhancement Program (O’Neal et al. 2008), and 
compensatory wetland mitigation (Brown and Veneman 2001), among others. A key principle of 
the 1986 North American Waterfowl Management Plan (NAWMP), was, and remains, that “the 
persistent loss of important waterfowl habitat should be reversed,” (US Fish and Wildlife Service 
2012). From the NAWMP came the North American Wetland Conservation Act (NAWCA) of 
1989 (US Fish and Wildlife Service 1989). A goal of NAWCA is to support NAWMP by 
providing funding and support for wetland protection, restoration, and enhancement. Since 1991, 
NAWCA has provided nearly $1.6B in grants funds and $4.6B in partner match to affect over 
10.8 million ha of habitat on public and private lands across North America (Williams et al. 
1999, USFWS 2018). 
Wetland restoration often is done through wetland mitigation. Section 404 of the 1972 
Federal Water Pollution Control Act, otherwise known as the Clean Water Act, regulates the 
discharge of dredge or fill that adversely affects navigable waters (Federal Water Pollution 
Control Act of 1972, 2002). Wetland mitigation is government mandated restoration and/or 
enhancement of wetlands to compensate for those discharges into wetlands protected by section 
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404 of the Clean Water Act (Edmonds and Keating 1997). Mitigation wetland restorations are 
intended to offset permitted impacts to wetland habitat, resulting in no net loss of wetlands 
(Brown and Veneman 2001). 
Restoration of wetlands is often focused in areas of substantial hydrological modification 
where the benefits of the restoration are considered to outweigh the costs (Moreno-Mateos and 
Comin 2010, Klemas 2013). Hydrological modifications are often so great that historic seasonal 
flooding and drying of nearby wetlands are forever altered and active management of water is 
necessary to meet the life history needs of desired plants and animals (Gray et al. 2013). 
Restored wetlands that experience natural hydrological fluctuations from rivers or tides recover 
wetland functions to reference conditions quicker and more effectively than restored 
depressional wetlands that do not experience water level fluctuations (Moreno-Mateos et al. 
2012). Invasive plant species that often colonize highly modified riverine and wetland complexes 
present additional challenges and often require active water and vegetative management to 
sustain a diverse plant community to support native wildlife (Gray et al. 2013, Lawrence et al. 
2016). Active management techniques, including vegetation and water level manipulations, aim 
to meet foraging and other life history needs of wildlife (Fredrickson and Taylor 1982, Gray et 
al. 2013), but monitoring is often lacking to determine if these objectives are met. 
Active wetland management is intensive relative to passive techniques and as a result, 
organizations such as the U.S. Army Corps of Engineers (USACE) prefer mitigation wetlands to 
require only minor routine management (USACE 2011). However, data suggest that mitigation 
wetlands often fail to meet required performance standards. In fact, one study found that 54.4% 
of mitigation wetlands in Massachusetts were in violation of the required wetland standards 
within the typical 5- to 10-year survey period (Brown and Veneman 2001, USACE 2011). 
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Policies that promote wetland restoration often have little monitoring requirements and assume 
restorations will be successful through natural succession over time (Matthews and Spyreas 
2010). According to NAWCA grant standards, wetlands restored through NAWCA, do not 
require monitoring. Additionally, other wetland restoration programs require little to no 
monitoring. Thus, there is an information deficit regarding the response by plants and animals in 
restored wetlands. Furthermore, there are logistical and financial limits to the amount of wetland 
that can be restored (Moreno-Mateos 2010). Once initial areas of wetland habitat are restored, it 
becomes increasingly difficult to restore additional area because of limited funding or unwilling 
landowners (Richardson and Gatti 1999). Optimizing the effectiveness of the existing wetlands 
to meet the needs of a diversity of wildlife species across wetland complexes may provide 
increased ecological benefits without necessarily having to increase wetland area. Species of 
plants, invertebrates, and wildlife respond differently to various wetland management techniques 
that are commonly applied to restored wetlands (Gray et al. 2013), but few holistic assessments 
of ecological returns on wetland restoration and management efforts exist. 
Wetland Management Techniques for Plants and Invertebrates 
Wetlands are dynamic, transitional systems, and small changes in hydroperiod can result 
in large changes in biotic composition of a wetland (Mitsch and Gosselink 2007). Hydrologic 
regime is an important factor that helps influence the plant community in a wetland (Raulings et 
al. 2010). Wetland plants have a range of hydrologic regime requirements and altering the 
regime of a system can result in a corresponding change in the plant community (Vivian et al. 
2014). Managing wetland water levels can help to promote certain vegetation and invertebrate 
communities (Bellrose and Low 1978, Fredrickson and Taylor 1982, Fleming 2010, Schummer 
et al. 2012). Manipulating the hydrologic regime of wetlands is one method that is often used to 
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promote seed production for waterfowl food. Exposing mudflats during the growing season 
promotes the growth of annual plants that produce abundant seeds and tubers eaten by waterfowl 
(Fredrickson and Taylor 1982). Variability in water levels, and lower dry season water levels 
also promote submerged aquatic vegetation growth (Zhao et al. 2012). 
Wetland macroinvertebrate and plant communities are directly related to one another 
(Voigts 1976, Lawrence et al. 2016). Both plants and invertebrates are important food sources 
for waterfowl and marsh birds (bitterns, rails, and grebes) (Jorde et al. 1983, Hagy and Kaminski 
2011, Hagy and Kaminski 2012). A dynamic hydroperiod is important for dispersal, community 
composition, and biomass of macroinvertebrate communities in addition to plant communities 
(Euliss and Mushet 2004, Meyer and Whiles 2008). Managing for a dynamic hydroperiod can 
increase the densities of certain macroinvertebrates in addition to submerged aquatic vegetation, 
which is an important substrate for certain macroinvertebrates and in turn various waterfowl and 
marsh bird species (Euliss and Mushet 2004, Van Geest et al. 2005). 
Wetland management is an important tool to combat invasive species in wetlands. 
Wetlands are susceptible to invasive plant species because wetlands are often nutrient sinks and 
frequent disturbance events create opportunities for invasive species (Zedler and Kercher 2004). 
Some common invasive species in wetlands in the Great Lakes region are purple loosestrife 
(Lythrum salicaria), the invasive form of common reed (Phragmites australis), and hybrid cattail 
(Typha xglauca; Wilcox 2012, Jasikoff 2013, Lawrence et al. 2016). Invasive species are 
aggressive competitors that outcompete native plant species, form dense, monotypic stands, and 
have many detrimental effects to native flora and fauna, such as decreasing the 
macroinvertebrate community (Mitsch and Gosselink 2007, Lawrence et al. 2016, Bansal et al. 
2019). Water level management, prescribed burning, mowing, disking, and chemical control are 
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used to set back undesirable vegetation, although water level management can promote some 
species such as purple loosestrife (Fredrickson and Taylor 1982, Bansal et al. 2019).Water level 
management is a potential response to Typha invasion by restoring dynamic hydrology that has 
been lost in altered wetlands (Newman et al. 1996). 
Wetland Management Techniques for Waterfowl and Marsh Birds 
Waterfowl and marsh birds have specific and well-studied habitat and wetland structure 
requirements that vary between the breeding and non-breeding season. Management for those 
needs is common in many regions of the United States (Reinecke et al. 1989). Research has 
shown that breeding waterfowl in the prairies selected wetlands with 50:50 ratios of open water 
to vegetation, with that vegetation being interspersed, often referred to as “hemi-marsh” (i.e., 
half-vegetated wetland; Murkin et al. 1982). During spring migration, “hemi-marsh” wetlands 
also experience greater waterfowl use (Pearse et al. 2011). Additionally, winter dabbling duck 
usage is positively correlated to habitat availability in the form of inundated area (Taft et al. 
2002). Interspersion of open water and vegetation is also important for breeding secretive marsh 
birds (e.g., Virginia rail (Rallus limicola), sora (Porzana carolina), common gallinule (Gallinula 
galeata), American bittern (Botaurus lentiginosus), and least bittern (Ixobrychus exilis), although 
pied-billed grebes (Podilymbus podiceps) select for more open wetlands and least bitterns select 
for generally taller vegetation (Rehm and Baldassarre 2007, Darrah and Krementz 2010, 
Baschuk et al. 2012). 
Food resources affect survival and reproduction in waterfowl and marsh birds, but the 
types of foods required vary seasonally, especially between breeding and non-breeding seasons 
(Bellrose and Low 1978, Fredrickson and Drobney 1979, Krapu 1981). During the breeding 
period, invertebrates are an important source of protein for egg production and juvenile growth 
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for waterfowl and marsh birds (Murkin et al. 1982, Krapu and Reinecke 1992, Baschuk et al. 
2012). However, during the non-breeding period carbohydrate dense foods (e.g., seeds and 
tubers) become increasingly important because they fuel migration and aid in thermoregulation 
for survival (Fredrickson and Drobney 1979, Reinecke et al. 1989, Naylor 1999, Ramenofsky 
and Wingfield 2007). Further, in many waterfowl species, lipid reserves carried from migration 
areas onto the breeding grounds are important for reproductive success (Krapu 1981, Alisaukas 
and Reinecke 1992). Thus, wetland food resources are important in sustaining wetland bird 
populations. 
Wetland management is a useful tool to produce plant communities necessary for 
breeding and foraging by birds (Bellrose and Low 1978). Water level management, specifically 
drawing water levels down during the growing season, has been shown to increase waterfowl 
abundance in the breeding and non-breeding seasons (Burgess 1969, Kaminski et al. 2006). 
Similarly, managing for “hemi-marsh” conditions can increase wetland use by waterfowl and 
marsh birds during the breeding season by increasing invertebrate densities (Murkin et al. 1982, 
Baschuk et al. 2012). Managing water levels in wetlands can increase the production of seeds 
and tubers (Fredrickson et al. 1982, Reinecke et al. 1989, Fleming et al. 2012, Schummer et al. 
2012, Olmstead et al. 2013). Changing the timing of wetland flooding can also affect the 
availability of those seeds and tubers for migrating waterfowl (Greer et al. 2007). Across many 
different regions, habitat management is recommended that promotes a diverse wetland complex 
and a wide range of habitats to fulfill needs of waterfowl and marsh birds (Malecki and Lor 
2006, Bolenbaugh et al. 2011, Baschuk et al. 2012). 
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Wetland Importance and Loss in the Montezuma Wetlands Complex 
The Montezuma Wetlands Complex (MWC) includes Montezuma National Wildlife 
Refuge, Northern Montezuma Wildlife Management Area (WMA), and private lands and is a 
focus area for wetlands restoration and conservation for migratory birds (Manus et al. 2005, 
Jasikoff 2013). Construction and improvements to the Erie Canal through New York greatly 
altered the hydrology of the MWC, dropping water levels by > 2 m in most locales. As such, the 
ecological functions provided by hydrologically dynamic wetlands have been reduced because of 
substantial hydrological modifications and subsequent loss of wetlands and their processes. 
Changes in hydrology from the Erie Canal enabled substantial conversion of wetlands to 
agricultural and residential development, and forever reduced historic flooding throughout this 
dynamic wetland region (Mead 2007, Jasikoff 2013). 
Despite efforts to restore wetlands at the MWC, the original hydrologic cycle of the 
Seneca River cannot be restored due to artificially managed water levels from the New York 
State Canal Corporation (Jasikoff 2013). Currently, most lands that were once wetlands are now 
in agricultural production (Jasikoff 2013). Despite these losses and because of increased and 
ongoing efforts to restore wetlands, the MWC is designated as an Important Bird Area by the 
National Audubon Society (2011). The MWC provides habitat for some of the greatest densities 
of migrating waterfowl in eastern North America, including large numbers of snow geese in the 
spring, and mallards and American black ducks during both spring and autumn (Manus et al. 
2005). Over 300 species of birds use the MWC throughout the year, including many federal 
species of conservation concern, such as pied-billed grebe and least bittern (USFWS 2008, 
Jasikoff 2013). Given the importance of the MWC to wildlife, preserving, enhancing, and 
restoring wetland abundance and function has been a priority. 
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Goal and Objectives 
My goal was to determine plant and animal responses to wetland management by 
assessing plant and bird metrics among different wetland management techniques on restored 
wetlands in the MWC to provide resulting guidelines to optimize management to meet desired 
outcomes. To meet this goal, I determined the plant and bird density and diversity among 30 
restored wetlands subject to different management techniques in the MWC. Determining 
responses of plants and animals to management will enable wetland managers to meet the 
various goals of state, federal, non-profit, and private entities that manage wetlands in the MWC. 
This information will also be useful to wetland managers faced with similar decisions and 
mandates at locations throughout the Great Lakes region, including in Canada, where similar 
wetland complexes exist. 
This thesis is organized into two principal chapters. Chapter 1 is a literature review and 
statement of objectives, and Chapter 2 describes my vegetation and bird survey methods and 
analysis. Chapter 2 is formatted as a manuscript for submission to Wetlands. Chapter 3 provides 
broad conclusions.   
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CHAPTER 2: INFLUENCE OF WATER LEVEL MANAGEMENT ON VEGETATION 
AND BIRD USE OF RESTORED WETLANDS IN THE MONTEZUMA WETLANDS 
COMPLEX 
ABSTRACT Wetland restoration efforts have slowed wetland loss. However, it is impossible to 
restore all lost wetlands, making it important to increase the quality of existing wetlands. Water 
level draw downs are commonly used to increase productivity of vegetation for waterfowl and 
other birds. My goal was to determine plant and animal responses to various water draw downs 
in the Montezuma Wetlands Complex and provide guidelines to optimize management to meet 
desired outcomes. I randomly selected 30 wetlands and designated them as full draw down, 
partial draw down, or passive wetlands, and then I evaluated vegetation and bird response via 
surveys. Early summer plant communities were similar between treatments. During autumn, full 
and partial draw downs had greater vegetative waterfowl forage quality indices and annual plant 
cover than passive wetlands. Partial draw downs and passive wetlands had greater monotypic 
cattail cover and vegetation height variation than full draw downs during autumn. I detected 
greater breeding marsh bird densities in partial draw downs and passive wetlands than in full 
draw downs. Total bird abundance was greater during summer in passive wetlands than full or 
partial draw downs. During autumn, total bird abundance shifted and was greater in full draw 
downs than in partial draw downs or passive wetlands. In July, submerged aquatic vegetation 
densities were greater in partial draw downs than in passive wetlands. Autumn seed and tuber 
densities were greater in full and partial draw downs than in passive wetlands. During spring 
migration, dabbling duck, total duck, and waterfowl abundances were greater in full and partial 
draw downs than in passive wetlands. My results indicate that wetland managers should use a 
mix of full draw downs and passive wetlands to provide habitat for the largest number of birds 
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and bird species throughout the year, while avoiding partial draw downs that provide less 
benefits than other treatments. 
Key words: Marsh birds, Montezuma Wetlands Complex, New York, waterfowl, wetland 
management 
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INTRODUCTION 
Throughout the United States and the state of New York, over 50% of wetlands have 
been lost, primarily through draining for agriculture and to a lesser extent filling (Dahl 1990, 
Johnston 1994), despite the ecological, cultural, and economic benefits of wetlands (Costanza et 
al. 2006, Verschuuren et al. 2006). Wetland regulations and active restoration have helped slow 
these losses (Dahl 2011). Once wetlands are drained or filled, however, it is difficult to restore 
hydrological regimes and lost ecological function (Moreno-Mateos et al. 2012). Additionally, 
wetland degradation from pollution or invasive species can affect quality of remaining wetlands 
(Teal and Petersen 2011). Hydrologic management is one way to mimic natural water level 
fluctuations and restore ecological function of restored and degraded wetlands (Fredrickson and 
Taylor 1982, Nadeau and Conway 2015). The hydroperiod of a wetland is the natural water level 
fluctuation that occurs over time (Mitsch and Gosselink 2007). Management of hydroperiod is 
often necessary to meet life history needs of the biota in restored wetlands (Gray et al. 2013). 
 Hydroperiod affects the biota of wetlands and greatly influences wetland plant 
communities (Mitsch and Gosselink 2007, Raulings et al. 2010). Wetland plants have a range of 
tolerance for flooding so changes in hydroperiod alter the plant community (Newman et al. 1996, 
Vivian et al. 2013). Emergent wetlands undergo natural succession, whereby in dry years, annual 
plants and other less flood-tolerant species spread, but in wetter conditions annual plants are 
replaced by perennial plants. If water is thereafter relatively stable and wetlands remain 
inundated, wetlands then transition to open water (van der Valk 1981). Controlling the 
hydrologic regime of wetlands to reset succession is often used to increase waterfowl food 
production. Exposing mudflats during the growing season promotes the growth of annual plants 
that produce abundant seeds and tubers eaten by waterfowl (van der Valk and Davis 1978, 
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Fredrickson and Taylor 1982). Previous research has examined habitat characteristics that drive 
wetland use by birds (Longcore et al. 2006, Hansen 2019). Other research has determined the 
effectiveness of management improvements for plant community or wildlife densities (Taft et al. 
2002, Kaminski et al. 2006, Greer et al. 2007, Kross et al. 2008, Fleming et al. 2012). However, 
there remains an information deficit on plant and bird responses to water level management on 
restored wetlands throughout the year. 
 My goal was to determine plant and animal responses to partial and full water draw 
downs and compare them to wetlands without draw downs in the Montezuma Wetlands Complex 
to provide management guidelines to meet desired outcomes. I hypothesized that lowering water 
levels during the growing season would result in greater annual plant cover and seed and tuber 
production, as well as bird use during autumn and spring migrations. I predicted that wetlands at 
maximum water holding capacity would provide more submerged aquatic vegetation, more 
invasive species, and more breeding habitat for birds that is unavailable in seasonal wetlands 
with lower water levels during late spring and early summer. I also predicted that lowering water 
to intermediate levels during partial water draw downs would provide a combination of benefits 
derived from full draw downs and wetlands without draw downs. 
Study Area 
I conducted my study in the Montezuma Wetlands Complex (MWC) located in central 
New York state, USA, on the northern end of Cayuga Lake in Cayuga and Wayne counties 
(approximate centroid: 43.024079° N, -76.748412° W). The MWC consists of approximately 
67,000 ha of wetlands and uplands important to the conservation of migratory birds and over 300 
species of fish and wildlife (Jasikoff 2013). The MWC includes the Montezuma National 
Wildlife Refuge (NWR; 3,970 ha), Northern Montezuma Wildlife Management Area (WMA; 
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2,860 ha) and surrounding private lands. Forested wetlands are the most common wetland cover 
type in the MWC, and most surrounding uplands that are not in agriculture are forested. 
Freshwater emergent wetlands, inland mud flats, and shallow water are not as common on the 
complex as forested wetlands, but they provide important habitat for many wetland-dependent 
species of fish and wildlife and thus are priority habitats on the MWC (Jasikoff 2013). 
 Most emergent wetlands in the MWC are emergent marsh dominated by cattail (Typha 
spp.) and were historically influenced by natural seasonal hydrologic changes primarily due to 
weather (Jasikoff 2013). The structure of wetlands at the MWC would change depending on 
changes in the water levels: more annuals and plant cover in drier years, and more perennials and 
open water in wetter years (van der Valk 1981, Jasikoff 2013). An important factor in wetland 
succession in cattail dominated marshes of the region is muskrats (Ondatra zibethicus), which 
eat cattail and use it to construct huts for survival and reproduction (Engelhardt 1907, Alexander 
1956), contributing to habitat heterogeneity and greater amounts of open water (Lynch et al. 
1947, Toner et al. 2009). Muskrats can also raise nitrogen levels in wetlands, leading to greater 
plant productivity (Connors et al. 2000). In the MWC, cattail was so abundant that it was an 
important renewable resource for barrel seals and chair bottoms, and muskrats were important in 
the fur trade (Mead 2007). The construction of the Erie Canal lowered water levels throughout 
the MWC by approximately four meters and allowed many wetlands to be drained and converted 
to agricultural mucklands (Jasikoff 2013). 
 Despite wetland loss in the MWC, many wetlands have been restored throughout the 
complex. These restorations started in 1933 with the Civilian Conservation Corps (CCC) 
restoring wetlands during the Great Depression (Mead 2007). Shortly after that Montezuma 
NWR was created in 1938, and the CCC started wetland restorations there as well (Jasikoff 
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2013). Wetland restorations have continued since then at the New York State Department of 
Environmental Conservation (NYSDEC) Northern Montezuma WMA and U.S. Fish and 
Wildlife Services (USFWS) Montezuma NWR. The USFWS, NYS DEC, United States Fish and 
Wildlife Service, New York Department of Environmental Conservation, Ducks Unlimited, and 
other partners have been working in cooperation to restore wetlands in the MWC since 1991 as 
part of a coordinated effort known as the Northern Montezuma Wetlands Project (Wich and 
Lambertson 1991). The North American Wetlands Conservation Act (NAWCA) is an important 
funding source for wetland restoration in the MWC (USFWS 1989). As a result of historic 
wetland loss, these restored wetlands have become an important landscape feature on the MWC 
(Sleggs 1997, Jasikoff 2013). 
I collected data in a subsample of 30 wetlands for my study in the MWC (Table 2.1). I 
identified wetlands with water level management capability and randomly selected 27 wetlands 
from available wetlands on Northern Montezuma WMA and 3 from available wetlands on 
Montezuma NWR. These wetlands were subject to three types of water draw downs: 1) passive – 
water held at or near full-service level (maximum designed capacity) throughout the growing 
season with no active drawdown of water, water loss was solely the result of evaporation and 
evapotranspiration, 2) partial – exposure of 20–50 % of the basin by 1 August using active water 
drawdown, and 3) full – nearly 100 % exposure of the basin by 1 August with only water 
remaining in the borrow ditch. Partial and full drawdown wetlands were also subject to invasive 
species control and mowing and disking to mimic river scouring activities and expose seeds for 
germination (Fleming et al. 2012). The 30 wetlands were part of a longer-term ecological study 
and, as such, the NYSDEC and USFWS and partners identified all full draw down wetlands 
annually and paired them spatially with partial draw down and passive wetlands. My goal was to 
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equally divide the three water level treatments among the 30 study wetlands, but annual 
differences in precipitation, flooding, and plant management needs altered my prescribed 
treatments, resulting in an uneven distribution of treatments (Table 2.1). 
METHODS 
Wetland Structure and Vegetation Surveys 
I surveyed vegetation twice during the growing season to measure water depth (mean and 
standard deviation [SD]), vegetation height (mean and SD), percent open water, percent mud 
flats, and vascular plant composition, 20 May – 15 June and 27 August – 23 September 2016 – 
2018. I surveyed wetland structure and vegetation using a point-intercept method (Laubhan and 
Fredrickson 1992, Ervin et al. 2006, Fleming et al. 2012). A species accumulation curve was 
used to determine the appropriate number of points needed for a representative sample of the 
plant community (Fleming 2010, Roberts-Pichette and Gillespie 1999). As a result, 40 points 
were identified as sufficient for a representative sample (Fleming 2010). I established 40–70 
evenly spaced points along evenly spaced transects throughout each wetland. At each sampling 
point, I placed a 3 cm diameter by 150 cm height PVC rod vertically in contact with the substrate 
and identified all plant species in contact with the rod. I also recorded water depth (±5 cm), 
vegetation height (±5 cm) above the water, and whether the point occurred in open water with no 
above water vegetation or mudflat with no measurable vegetation. I surveyed wetland and 
waterfowl professionals (n = 7) with doctoral degrees and > five years of professional 
experience to obtain waterfowl forage quality coefficients used to determine an overall 
Vegetative Forage Quality Index (VFQI; Fleming 2010). The professionals scored plants based 
on their forage quality for waterfowl as 1 = poor, 2 = fair, 3 = good, or 4 = excellent (Table 2.2). 
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I used the mean waterfowl forage quality coefficients from these professionals to calculate the 
VFQI using the following formula (Andreas and Lichvar 1995): 
𝑉𝐹𝑄𝐼 = ∑
𝐶𝑖[𝑃𝑂]𝑖
𝑁
× √𝑁
𝑛
𝑖=1
 
Where: 
VFQI = Vegetative Forage Quality Index 
𝐶𝑖 = Mean relative forage quality coefficient for plant taxon per wetland 
𝑃𝑂𝑖 = Proportional occurrence of plant taxon per wetland 
N = Plant taxa richness for each wetland 
Spring Marsh Bird Surveys 
I conducted breeding marsh bird surveys on three visits per wetland, 1 May – 10 June 
2016 – 2018. I focused on the secretive marsh birds: pied-billed grebe (Podilymbus podiceps), 
Virginia rail (Rallus limicola), sora (Porzana carolina), common gallinule (Gallinula galeata), 
American bittern (Botaurus lentiginosus), and least bittern (Ixobrychus exilis) to compare marsh 
bird use among wetland management treatments. I followed a standard point count protocol 
using an electronic callback system and surveyed from the first two hours after sunrise or last 
two hours before sunset because these are the periods of greatest marsh bird activity (Conway 
2011). Each point count consisted of five-min of passive listening followed by one-min of 
conspecific callback of each of the six secretive marsh bird species listed above consisting of 30-
sec of calls and 30-sec of passive listening, with each point count lasting 11 min. I recorded 
detections of individuals by number, species, and detection type (aural or visual). Presence of 
most common marsh birds can be determined with 90% confidence using three visits (Tozer et 
al. 2006). The number of detections of most of these bird species was too low to apply detection 
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corrections, so I summarized these data as uncorrected indices of birds/survey point (Johnson 
2008, Hunt et al. 2012, Hutto 2016). There were no distance cutoffs used, and I placed all points 
> 400 m apart and mapped locations of birds to avoid double counting birds (Conway 2011). 
Most wetlands had a single survey point, but wetlands ≥ 24 ha (Table 2.1) required more than 
one point, and all points were used for analyses at the point level. 
Bird Flush Counts 
I conducted bird surveys using a flush and auditory count with a distance sampling 
methodology (Buckland et al. 2001) along transects 60 m apart in each wetland 19 June – 10 July 
and 24 September – 16 October, 2016 – 2018. I traveled each transect and recorded the number, 
species, and distance of birds seen or heard within 30 m on either side of the transect. I used 
perpendicular distance categories of 0 – 10 m, 11 – 20 m, and 21 – 30 m for all birds seen or 
heard along each transect. I used detection as a function of distance and vegetation height, 
detection decreased as distance increased and vegetation height increased above eye level. I 
assumed 100% detection along the transect, with diminishing detection at each of the other 
distance categories. I used Program Distance to develop detection probabilities for birds to 
enable comparisons across bird groups (Thomas et al. 2010). To do this, I grouped birds by 
family when possible to get a sufficient sample size to run the models. I used waterfowl 
(Anatidae), herons (Ardeidae), swallows (Hirundinidae), blackbirds (Icteridae), sparrows 
(Passerellidae), rails (Rallidae), shorebirds (Charadriidae and Scolopacidae), wrens 
(Troglodytidae), other passerines, and other birds as my bird groupings. To obtain sufficient 
sample size to run Program Distance, I had to merge the families Charadriidae and Scolopacidae 
into one group (shorebirds), and designated passerines not included in the above families into 
one group called “other” birds. The half-normal curve was the best fit model (least Akaike’s 
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Information Criterion, Burnham and Anderson 2002), so I used it to develop detection 
probabilities for each group. I used the distribution of distances for flushed birds along with 
detection probabilities and transect lengths to estimate density of birds using the wetlands 
(Thomas et al. 2010). 
Submerged Aquatic Vegetation Surveys 
I sampled all open water portions of wetlands for submerged aquatic vegetation (SAV) 8 
August – 15 August 2016 – 2018 using a modified version of the methods described by 
Lawrence et al. (2016). I inserted a 15 cm diameter, 65 cm high stovepipe cylinder five−cm into 
the sediment at 10 evenly spaced points in each wetland in areas ≤ 65 cm deep. At each point, I 
collected all the above-ground SAV by pulling it from the substrate by hand. I froze samples and 
later, in the lab, identified SAV to the lowest taxonomic level and recorded wet weights (0.001 
g). I then obtained dry weights (0.001 g) of SAV after placing samples at 70°C for 48hrs in a 
drying oven. 
Seed and Tuber Core Sampling Surveys 
I sampled each wetland for seed and tuber density and diversity using a core sampler, 1 
October – 27 October 2016 – 2018. At 10 evenly distributed points per wetland (n = 300), I 
collected cores of 10 cm in depth and 6.75 cm in diameter. Sampling points were confined to 
portions of the wetlands that were at < full-service level (i.e., maximum designed water height). I 
washed the samples in warm water and then washed them through two sieves (2,000 micron and 
500 micron) to remove sediment (Hagy et al. 2011). I then identified the seeds and tubers to 
lowest taxonomic level using several guides (Radford et al. 1968, Newcomb 1989, Chadde 2011, 
Schummer et al. 2012, Voss and Reznicek 2012), and after drying the seeds in a drying oven at 
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70°C for 24–48 hours to a constant mass, I recorded the dry weight (0.000001 g) for each taxon 
(Hagy et al. 2012). 
Spring Waterfowl Surveys 
I coordinated a volunteer spring waterfowl survey comprised of wildlife biologists and 
bird-watching enthusiasts to quantify spring waterfowl density in each wetland, 24 February – 5 
April 2016–2018. Volunteers used a full visual flush count at each wetland (n = 30) with an 
assumed detection rate of 100% (Fleming 2010). We conducted surveys once per week during 
the spring migration. Each observer recorded the number and species of waterfowl detected on 
each wetland. During each visit, observers estimated percent ice cover on the wetland to the 
nearest 5%. 
Statistical Analysis 
I used linear mixed models and generalized linear mixed models (PROC MIXED and 
PROC GLIMMIX, SAS 14.1) with treatment and year as fixed effects for my different variables 
(SAS Institute 2015). I designated vegetation height and height variation, water depth and depth 
variation, percentage of open water, mudflat, monotypic cattail, invasive plants and autumn 
annual plants as response variables to test for differences in wetland structure among treatments. 
I used plant species richness and VFQI, as my response variables for the vegetation surveys. I 
designated the abundance of each species/point as the response variables for the spring marsh 
bird surveys. Dry weight per hectare was the response variables for the SAV survey. Seed and 
tuber density per hectare was the response variable for the soil core sampling. I tested the null 
hypothesis that the response variables would not differ among wetland treatments. For wetland 
structure and vegetation, I included year as a fixed variable of interest, whereas for marsh bird 
surveys it was included as a covariate to control for year effects. I also included wetland as a 
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random effect to control for sampling the same wetland across years. Prior to analyses, I tested if 
response variable data were normally distributed and when they were not, designated a Poisson 
distribution, after which, all resulting studentized residuals were normal. When treatment or year 
was significant, I used a least-squared means and a Tukey’s honest significance test for 
comparisons among treatments and years. 
I used generalized linear mixed models (PROC GLIMMIX, SAS 14.1) for the bird flush 
counts and spring waterfowl surveys (birds/ha) with treatment and year as fixed effects and 
included wetland sampled across years as a repeated measure (SAS Institute 2015). These data 
were non-normal, so I used a Poisson distribution in my model. I included wetland size as a 
covariate in the bird flush counts and the spring waterfowl survey. I also controlled for percent 
ice cover as a covariate for the spring waterfowl survey, and I included survey period as a 
repeated measure for the spring waterfowl surveys. For all analyses, I used an α = 0.05 to test for 
significance but considered an α = 0.10 to be worthy of discussion (Murtaugh 2014). 
RESULTS 
Wetland Structure and Vegetation Surveys 
In summer and autumn, I detected differences in water depth and water depth variation 
between treatments and years (Table 2.3). Partial draw down and passive wetlands had two and 
three times greater mean water depth, respectively, than full draw downs (Table 2.4). During 
autumn, mean water depth was three and four times greater in partial draw down and passive 
wetlands, respectively, than in full draw downs (Table 2.4). Mean water depth in summer was 
about two times greater in 2017 than 2016 and 2018. (Table 2.4). Mean water depth in autumn 
was roughly three times greater in 2018 than in 2016 or 2017 (Table 2.4). I detected that full 
draw downs had half the water depth variation, as measured by standard deviation, of partial 
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draw down and passive wetlands in summer and autumn (Table 2.4). I did not detect differences 
between years in water depth variation in summer, but I did in autumn (Table 2.3). Water 
variation was roughly two times greater in 2018 than in 2016 and 2017 (Table 2.4). 
I did not detect a difference in vegetation height among treatments during summer or 
autumn, but I did detect differences between years (Table 2.3). Vegetation height was 48% and 
50% lower in summer 2017 than 2016 and 2018, respectively, whereas in autumn, 2018 
vegetation height was 9% and 12% taller than 2016 and 2017, respectively (Table 2.4). I detected 
that variation in vegetation height, as measured by standard deviation, differed among treatments 
during summer and autumn, and it differed among years during summer but not autumn (Table 
2.4). In summer, vegetation height variation in partial drawdowns was 11% less than passive 
wetlands, and full draw down wetlands did not differ from partial draw down and passive 
wetlands. During autumn, I detected that variation in vegetation height was 44% less in full draw 
downs than partial draw down and passive wetlands, which did not differ (Table 2.4). Variation 
in vegetation height in summer was roughly 25% greater in 2016 and 2018 than in 2017 (Table 
2.4). 
During summer and autumn, I detected no treatment differences in percent cover of 
monotypic cattail cover and invasive species, but I did detect treatment differences in percent 
cover of open water (Table 2.3). I only detected treatment differences in percent cover of 
mudflats during summer. In autumn, I detected treatment differences in percent cover of annual 
plants (Table 2.3). During summer, percent cover of open water was greater in partial water draw 
downs and passive wetlands than full water draw downs, and in autumn, passive wetlands had 
greater percent cover of open water than full or partial water draw downs (Table 2.4). During the 
summer, percent cover of mudflats was greater in full water draw downs than in partial water 
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draw downs and passive wetlands (Table 2.4). Percent cover of annual plants was greater in full 
and partial draw down wetlands than in passive wetlands, and it was greater in 2016 than in 2018 
(Table 2.4). 
I detected treatment and year differences in VFQI during autumn, but only year 
differences in summer (Table 2.3). During summer, VFQI was roughly 25% greater in 2016 than 
in 2017 and 2018, which did not differ (Table 2.4). In autumn, VFQI was 25% less in passive 
wetlands than in full or partial draw downs. Autumn VFQI was 25% greater in 2018 than in 2017 
and 2016 (Table 2.3). I did not detect treatment effects on plant taxa richness in either summer or 
autumn, but I did detect year effects (Table 2.3). Plant taxa richness in summer was roughly 50% 
greater in 2016 and 2018 than in 2017 (Table 2.4). Autumn plant taxa richness was 25% greater 
in 2016 and 2017 than in 2018 (Table 2.4). 
Spring Marsh Bird Surveys 
I detected treatment effects on abundance of breeding pied-billed grebes and common 
gallinules but no treatment effect on Virginia rails, soras, and least bitterns. American bittern 
observations were limited, and models would not converge (Table 2.3). Pied-billed grebes and 
common gallinule were relatively absent from full draw down wetlands, whereas they occurred 
at ≥ one of five points in partial and passive wetlands, which did not differ (Table 2.5). 
Bird Flush Counts 
During summer (late June to early July), I detected treatment effects on densities of 
waterfowl, herons, swallows, blackbirds, sparrows, rails, wrens, other passerines, and total birds, 
but not shorebirds or other birds (Table 2.3). Summer waterfowl density in full draw downs was 
10% of the density in passive wetlands, and partial draw downs were half of passive wetlands 
(Table 2.6). Passive wetlands had three times the density of herons than full draw downs during 
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summer, and passive and partial draw down wetlands did not differ (Table 2.6). Swallow 
densities were 25% greater in passive wetlands than in partial draw downs, and full draw down 
wetlands did not differ from either treatment during summer (Table 2.6). Full and partial draw 
down wetlands did not differ and had 70% of summer blackbird density in passive wetlands 
(Table 2.6). Summer sparrow densities were 20% greater in full draw downs than in passive 
wetlands, and partial draw downs did not differ from either other treatment (Table 2.6). During 
summer, rail densities in passive wetlands were eight times and 32 times greater than in partial 
draw downs or full draw downs, respectively, and partial drawdowns were four times greater 
than full draw downs (Table 2.6). Wren densities during summer in passive wetlands were nearly 
two times densities in full or partial draw downs, which did not differ (Table 2.6). During 
summer, passerines that did not fall in one of the other groups were four times as dense in 
passive wetlands than in full or partial draw downs, which did not differ (Table 2.6). All birds 
had 45% less density in full and partial drawdowns than in passive wetlands (Table 2.6). 
During autumn (late September to early October), I detected treatment effects on all my 
bird groups except herons (Table 2.3). In autumn, full and partial draw downs had 20% and 60% 
less waterfowl density than passive wetlands, and partial draw downs had 53% less waterfowl 
density than full draw downs (Table 2.6). Density of swallows in autumn in partial draw down 
wetlands was 2% and 10% of that in full draw down and passive wetlands, and passive wetlands 
had 22% of the autumn swallow density of full draw downs (Table 2.6). Blackbird densities in 
partial draw downs were 16% and 27% of densities in full draw down and passive wetlands in 
autumn, and density in passive wetlands was 59% of the density in full draw downs (Table 2.6). 
Autumn sparrow densities in full and partial draw downs did not differ and were nearly two 
times sparrow densities in passive wetlands (Table 2.6). Rail densities in full and partial draw 
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downs did not differ and were 78% less than in passive wetlands during autumn (Table 2.6). In 
autumn, shorebird densities were similar between full and partial draw downs, and they were 
over three times greater than shorebird density in passive wetlands (Table 2.6). The density of 
wrens in partial draw downs did not differ from either other treatment, but density in passive 
wetlands was 76% greater than in full draw downs during autumn (Table 2.6). Other passerines 
had 3.6x and 6.6x greater densities in partial and full drawdowns respectively than in passive 
wetlands, but full and partial draw downs did not differ (Table 2.6). Other bird density in passive 
wetlands was 11x and 7x greater than partial and full draw downs, which did not differ during 
autumn (Table 2.6). The density of all birds in full draw downs was 4x that of partial draw 
downs, and the density of all birds in passive wetlands was half of full draw downs and 2x partial 
draw downs (Table 2.6). 
Submerged Aquatic Vegetation Surveys 
I detected treatment and year effects on mean submerged aquatic vegetation (SAV) 
density (Table 2.3). Partial drawdowns had 50% greater SAV densities than passively managed 
wetlands (Figure 2.1). Mean SAV density in 2016 was over 2x greater than 2017 and 2018, 
which did not differ (Figure 2.1). 
Seed and Tuber Core Sampling Surveys 
I detected a treatment, but no year effect on autumn seed and tuber density (Table 2.3). 
Passive wetlands had half the mean seed and tuber density of full draw down and partial draw 
down wetlands, which did not differ (Figure 2.2). 
Spring Waterfowl Surveys 
During the spring migration, I detected treatment effects on dabbling duck, total duck, 
and waterfowl densities after controlling for percent ice cover and wetland size, but I did not 
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detect a difference in diving duck density among treatments (Table 2.3). Full draw down had 
167% greater dabbling duck density than passive wetlands, and partial draw down did not differ 
from full draw down or passive wetlands (Figure 2.3). There was 177% greater total duck 
density in full draw down than passive wetlands, and partial draw down did not differ from other 
wetland treatments (Figure 2.3). Partial draw downs did not differ from full draw downs or 
passive wetlands in waterfowl density, but full draw downs had 108% greater waterfowl density 
than passive wetlands (Figure 2.3). 
DISCUSSION 
Wetland Structure and Vegetation Surveys 
A primary aim of my research was to determine if plant community and bird abundance 
varied among full draw down, partial draw down and passive wetland treatments that are 
typically used to meet the life history needs of wetland-dependent birds. Important in my 
assessment was that I detected differences in wetland structure resulting from hydrological 
management. As expected, differences in water depth among treatments were achieved during 
the growing season. Drawing down water levels is important for promoting annual plant 
germination and seed and tuber production, as well as revitalizing the perennial plant community 
of freshwater wetlands (van der Valk and Davis 1978, Fleming et al. 2012, Schummer et al. 
2012). 
Early in the growing season, I did not detect differences in plant metrics among 
treatments, which is supported by previous research (Fleming et al. 2012). Vegetation height did 
not differ among treatments in summer or autumn, but it was more variable in partial draw down 
and passive wetlands than in full draw downs. Similar vegetation heights may result from similar 
percent cover of invasive plant species (e.g., invasive form of Phragmites australis) among 
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treatments. Hybrid and narrowleaf cattail (Typha xglauca, Typha angustifolia) and the invasive 
form of Phragmites are relatively tall and invasive plants among wetland types (Wilcox 2012, 
Lawrence et al. 2016). Additionally, during the summer, there was more open water in partial 
water draw downs and passive wetlands than in full water drawdowns, but by autumn, passive 
wetlands had more open water than either water draw down treatment. 
Further, summer VFQI did not differ among treatments. Despite these similarities, I think 
the lower water levels resulted in greater percent cover of annual plants in full draw down than 
passive wetlands by autumn. Greater percent cover of mudflats during the summer in full water 
draw downs likely contributed to greater fall annual plant cover (van der Valk and Davis 1978, 
Fredrickson and Taylor 1982). Annual plants produce more seed mass that typically have greater 
carbohydrates than perennial plants (Vico et al. 2016). As such, it is not surprising, that by 
autumn VFQI was greatest in full draw downs and least in passive wetlands; however, VFQI did 
not differ between full and partial draw down wetlands, which may suggest they provide similar 
foraging opportunities to seed eating birds. Interestingly, wetlands plant species richness did not 
differ in summer or autumn among treatments. 
Combined with similarities in vegetation height and percent cover of cattail among 
treatments throughout my study, these results suggest it is possible to sustain vertical structure 
and plant diversity while meeting the autumn foraging needs of seed eating wetland birds (e.g., 
dabbling ducks [Aix, Anas, Spatula, Mareca spp.]). However, water depths remained extremely 
low in full draw down wetlands during our autumn (September) surveys (i.e., mean = 2.3 cm), 
which may have precluded early migrating birds from using these food resources relative to 
those in partial (7.7 cm) and passive wetlands (9.3 cm). Beyond their utility for breeding marsh-
birds and other wetland wildlife during the growing season, partial and passive wetlands also 
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appear necessary for early autumn migrant waterfowl because of the lack of pumping capacity at 
my study site and reliance on precipitation to rewater full draw down wetlands in a timely 
manner. 
In addition to management treatments, I detected year effects on wetland structure, 
suggesting the need of wetland managers to adapt to this annual variation when planning 
management options. The differences I observed in wetland structure among years are likely the 
result of differences in weather. During April–June, conditions at the MWC were near average 
temperatures and drier than average in 2016 (temperature rank, 53 of 122 years; precipitation 
rank, 13 of 122 years) , hotter than average and near record high precipitation in 2017 
(temperature rank, 106 of 123 years; precipitation rank, 119 of 123 years), and near average in 
2018 (temperature rank, 54 of 124 years; precipitation rank, 55 of 125 years) (NCDC 2020). 
Delaying timing of draw downs because of substantial precipitation can delay when mudflats are 
exposed, which affects timing of seed germination, plant growth, and potentially seed production 
(van der Valk and Davis 1978, Fredrickson and Taylor 1982). Similarly, especially dry 
conditions may preclude germination of certain species or hamper growth and seed production 
(Asamoah and Bork 2010, Bajelani and Nejad 2014). Alternatively, extreme conditions may 
introduce disturbance and create empty niches for plants that will initially be filled with diverse 
species (Wilcox 2012). 
I detected that autumn VFQI was greater in the year of my study with near average 
temperature and precipitation (2018) than the extreme weather years of 2016 and 2017. 
However, the trend in species richness was the opposite, possibly suggesting that common and 
dominant plants suppressed plant diversity on the average year (2018), whereas 2016 and 2017 
may have created niche space for germination of opportunistic/niche specialist plants. 
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These differences in weather corresponded to shorter mean vegetation height in 2017 
than 2016 and 2018. Near record precipitation in 2017 also corresponded to greater summer 
water depth than in 2016 or 2018. Greater water depth also likely affected vegetation height and 
structure for marsh birds because only the vegetation above the water was available for nesting, 
roosting, and foraging. As such, during years of greater water depth, vegetation height is lower, 
which may affect marsh bird use, survival, and reproduction (Wilson et al. 2018). My results 
highlight the need to keep long-term records and adapt to annual differences in weather when 
managing wetland hydrology because within season management actions are likely to influence 
plant metrics and wetland-wildlife diversity and densities. It also highlights that wetland 
management also includes partial controllability, a key element in adaptive management 
(Walters and Holling 1990, Williams and Brown 2016). 
Spring Marsh Bird Surveys 
I observed that pied-billed grebe and common gallinule frequently co-occurred in 
wetlands and their abundances were greater in passive wetlands and partial draw down wetlands 
than in full draw down wetlands during spring marsh bird surveys. However, Virginia rail, sora, 
least bittern, and American bittern use a greater diversity of water depths than pied-billed grebes 
and common gallinules (Conway 1995, Muller and Storer 1999, Bannor and Kiviat 2002, 
Lowther et al. 2009, Poole et al. 2009, Melvin and Gibbs 2012) and I did not detect a difference 
in their abundances among treatments. 
Full draw downs in my study continued to have measurable water (mean = 8.6 cm) 
during the marsh bird survey period, which could have provided foraging habitat for these birds. 
Virginia rail and sora may still be migrating during the survey period (Hansen 2019) and make 
use of the diversity of treatments and water depths at the MWC during this period. Partial draw 
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down and passive wetlands had deeper water than full draw down wetlands, and greater water 
depth has been shown to positively influence pied-billed grebe densities (Baschuk et al. 2012). 
Greater densities of pied-billed grebes and common gallinules in partial draw down and passive 
wetlands support previous findings that increasing water depth positively influences pied-billed 
grebe density and their co-occurrence with common gallinules (Bolenbaugh et al. 2011). 
Aquatic macroinvertebrates are likewise an important food source for waterbirds during 
the breeding season for egg production and growth of young (Krapu 1981, Longcore et al. 2006, 
Baschuk et al. 2012), and partial draw down wetlands had greater density and diversity of 
macroinvertebrates than passive wetlands (Appendix). Overall, results suggest that partial draw 
down and passive wetlands are critical for sustaining marsh bird diversity and may be especially 
important where pied-billed grebes are a species of special concern (i.e., New York; NYDEC 
2015). 
Bird Flush Counts 
During June–July flush counts, I observed greater densities of waterfowl, herons, 
blackbirds, rails, wrens, other passerines, and total birds in passive than full draw down 
wetlands. Partial wetlands never had the greatest density of birds among treatments for any 
group. Swallow densities did not differ between full draw downs and passive wetlands but were 
greater than partial draw downs. Sparrows were the only bird group with greater densities in full 
draw down than passive wetlands during early summer. 
Surface water is an important cue for differential breeding habitat selection by swamp 
sparrows (Melospiza georgiana) and song sparrows (M. melodia), with swamp sparrows 
breeding in areas with surface water, and song sparrows selecting dry habitats (Greenberg 1988). 
Full draw downs are less inundated than passive or partial wetlands but were still in active and 
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slow draw down during our summer bird surveys. Swamp sparrows could possibly use all 
treatments in inundated areas, and song sparrows also likely influenced relationships because 
they were likely using drier areas of full draw down wetlands to a larger extent than passive 
wetlands. Waterfowl, herons, and rails all use inundated habitats during the breeding season 
(Thompson 1979, Taft et al. 2002, Baschuk et al. 2012). Greater availability of water in passive 
wetlands likely influenced densities of these groups. 
Swallows are aerial insectivores that forage more frequently in areas with greater aerial 
insect abundance (Hebblethwaite 1989, Stanton et al. 2016,). It is probable that during the early 
summer, partial draw downs have less aerial insect abundance than passive wetlands. Red-
winged blackbirds (Agelaius phoeniceus) and marsh wrens (Cistothorus palustris) were the most 
common birds observed in the blackbird and wren groups, respectively, and they select for deep 
water wetlands for breeding and nesting where predation is reduced relative to drier habitats 
(Leonard and Picman 1986, Picman et al. 1993). As such, during the summer breeding and 
chick-rearing period, sustaining passive wetlands (e.g., semi-permanent and permanent wetlands) 
is important. The utility of partial draw down wetlands is questionable because they require 
active monitoring and draw down but never produced the greatest density of birds for any group. 
I suspect that differences in wetland structure that birds use as cues for nesting and rearing of 
young (e.g., cover) may be driving the greater use of passive than partial wetlands by birds. It is 
possible that edge habitat is greater in passive than partial draw down wetlands because the 
surface area of water is greater in passive than partial draw down wetlands, thereby producing 
similar, but more area of habitat needed by marsh birds during summer. It appears that during 
summer breeding period, passive and full draw down wetlands could meet the needs of the 
greatest number of bird species in the MWC. 
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Following the breeding season, diets of most migratory birds shift towards a more 
carbohydrate-rich diet to store lipids as fuel for flight between migratory staging areas (Newton 
2007, Ramenofsky and Wingfield 2007). My results of bird use of wetlands during autumn are 
consistent with this life-history strategy. Greatest densities of total birds shifted from passive 
wetlands in summer to full draw down wetlands during autumn. This shift in total bird densities 
was likely driven largely by blackbird and sparrow densities, which are abundant, granivorous 
birds that eat seeds of annual plants in dry areas of wetlands during autumn migration (Beal 
1900, Johnson and Caslick 1982, Danner et al. 2013). Use of wetlands by blackbirds and 
sparrows did not differ between full and partial draw down wetlands suggesting that dry areas of 
these treatments may provide similar foraging opportunities. Swallows are aerial foragers often 
associated with wetland areas where they eat insects but shift foraging towards areas with greater 
abundance of aerial insects as needed (Hebblethwaite 1989, Stanton et al. 2016). On my study 
area, they were denser during autumn on full draw down than passive wetlands and partial draw 
down wetlands had the least density of swallows. While I do not have data on aerial insects 
among wetland treatments, I assume that food for these aerial insectivores was greater on full 
draw down wetlands relative to other treatments. 
For waterfowl, I think that passive wetlands had the greatest densities during early-
migration (late-summer) because during this dry time of the year, open water resources can be 
limiting. Surprisingly, despite a VFQI that did not differ from full draw down wetlands and 
similar percent cover of open water to full draw downs, partial draw down wetlands had the least 
waterfowl density. VFQI has been shown to account for only 27% of the variation in duck 
densities on wetlands in Mississippi, so there are likely other factors driving autumn duck 
density in partial draw downs (Fleming et al. 2015). It is possible that full draw down wetland 
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plants produced more seed than partial draw downs early in autumn because plants and soils in 
partial draw downs remain inundated or wet for a greater portion of the growing season, reducing 
plant capacity or need to set seed early. Flooding is known to slow growth and seed production 
of grasses (Fredrickson and Taylor 1982). As such, where there is capacity to flood early where 
food resources are available in full draw downs (i.e., plants are dropping seeds), my results 
suggest this treatment is attractive to early autumn migrating waterfowl. This result continues to 
indicate that full draw downs and passive wetlands provide the greatest benefit and that partial 
draw downs may produce few additional measurable benefits to birds. 
Consistent with the breeding season, greatest densities of rails during autumn occurred in 
passive wetlands, but treatment differences were less than during the breeding season, which 
may have been due to diverse diets as birds transition towards storing lipids for migration 
(Melvin and Gibbs 2012, Wilson et al. 2018). Consistent with expectations, densities of 
shorebirds, which use mudflats to forage on invertebrates, were greater on partial and full draw 
down than passive wetlands. Shorebirds frequently feed out of water, and when they do feed in 
water, water depth correlates to leg length, and water depths greater than 15 cm preclude feeding 
for most shorebird species (Baker 1979, Elphick 1996, Taft et al. 2002). Lastly, we did not detect 
a difference among treatments for wading birds/herons. These birds feed on a diversity of animal 
matter including frogs, fish, and salamanders (Thompson 1979, Helm 2012) and likely can find 
these food resources through the diversity of wetland treatments and resulting plant communities 
and water depths. 
Submerged Aquatic Vegetation Surveys 
Results from my study indicate that submerged aquatic vegetation densities and aquatic 
macroinvertebrate densities and richness are greater in partial draw down wetlands than in 
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passive wetlands (Appendix). Partial draw down wetlands are shallower than passive wetlands 
during summer, and the process of drawing down wetlands destabilizes water levels. Deep and 
stable water depth can inhibit SAV communities and decrease plant diversity (Havens 2002, Van 
Geest et al. 2005). Aquatic macroinvertebrates also are positively associated with increases in 
SAV density (Voigts 1976). However, despite greater SAV and macroinvertebrates in partial 
draw downs, summer bird densities were never greater compared to full draw down or passive 
wetlands. Use of wetlands by birds during summer is a combination of nesting habitat, food 
availability, and predator avoidance for successful reproduction (Picman et al. 1993, Krapu 1997, 
Brown and Smith 1998, Baschuk et al. 2012). My results suggest that macroinvertebrates may be 
great enough to still attract marsh birds in passive wetlands despite having a lower abundance of 
this summer food resource than partial draw down wetlands. 
Seed and Tuber Core Sampling Surveys 
A primary goal of wetland management for migrating waterfowl is to promote plants that 
produce energy-dense seeds and tubers, which matched my observation that full and partial draw 
downs had greater seed and tuber densities than passive wetlands (Fredrickson and Taylor 1978, 
Fleming et al. 2012). I observed greater seed and tuber densities than previous research on moist-
soil wetlands in the Mississippi Alluvial Valley, which showed mean densities similar to passive 
wetlands in my study (Kross et al. 2008). Research in Illinois showed that average seed and tuber 
densities were similar to the mean density of seeds and tubers I observed across all treatments 
but less than the density I observed in full draw down wetlands (Stafford et al. 2011). I included 
all seeds and tubers found in my densities, and not all seeds and tubers are equal in quality as 
waterfowl food (Brasher et al. 2007, Dugger et al. 2007). Only including seeds and tubers that 
are selected by waterfowl as food would result in lower densities, but it could be a more accurate 
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representation of food resources available to waterfowl (Callicutt et al. 2011, Olmstead et al. 
2013). My observations corroborate previous findings that water level management is an 
effective tool to increase seed and tuber production to provide food for waterfowl in the MWC, 
but future research is needed that includes seed and tuber quality in the analysis. 
Spring Waterfowl Surveys 
Food density is important for building energy reserves for migration and reproduction 
and is least during spring migration, and as such, it is often a limiting factor during spring 
migration (Fredrickson and Drobney 1979, Krapu 1981, Taft et al. 2002, Greer et al. 2007, 
Straub et al. 2012). Seeds and tubers provide high energy food during this time (Fredrickson and 
Taylor 1982, Kross et al. 2008). Although invertebrates and SAV are generally less in true 
metabolizable energy than seeds and tubers, they remain an important food source for waterfowl 
in addition to seeds and tubers (McMahan 1970, Paulus 1982, Lancaster et al. 2018, Gross et al. 
2020). The importance of food during the spring migration is corroborated by my observation of 
greater abundances of ducks, especially dabbling ducks, in full draw down wetlands than in 
passive wetlands during spring migration. 
The greater densities of food resources during the prior autumn in full draw downs than 
passive wetlands corresponded to greater dabbling and total duck densities in full draw downs 
during the spring migration. Diving ducks (Aythya spp.) feed less often on seeds than dabbling 
ducks, and I did not observe differences in diving duck densities between treatments 
(Fredrickson and Taylor 1982, Perry and Uhler 1988, Custer and Custer 1996, Badzinski and 
Petrie 2010). The treatment effect on overall waterfowl densities between full and passive 
wetlands was less than the effect in dabbling duck and total duck densities, but this is likely a 
result of geese and swans using the wetlands for loafing and roosting rather than for feeding. 
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Partial draw downs were neither better nor worse than the other treatments in terms of duck or 
waterfowl densities. Overall duck, dabbling duck, and total waterfowl abundance during spring 
migration was correlated with greater food availability on the MWC. Thus, water level 
management is a useful tool to improve spring migration habitat for waterfowl and dabbling 
ducks in the MWC. 
Management Implications 
I recommend managing the MWC with a combination of full draw down and passive 
wetlands. Different species used each treatment at different times of year, and often individual 
species shifted their primary use among seasons. Partial draw downs provided no detectable 
vegetative benefit, and gains in SAV or invertebrate densities from this management type did not 
lead to greater bird use. Additionally, partial draw downs did not differ from passive wetlands in 
many wetland structure metrics, possibly because of evapotranspiration that leads to natural 
partial draw downs of passive wetlands in a way that mimics the active but partial water 
removal. 
The goals and objectives of wetland managers differ based on the composition of the 
landscape, plants, and animals in and around the wetland complexes that they manage. My 
results provide guidelines to help meet multi-species goals and objectives, but do not provide a 
single prescription of the amount of wetland that should be operated at full draw down or using 
passive wetlands. Rather, managers should adapt annually by providing a mosaic of full draw 
down and passive wetlands that best meets their goals and objectives based on annual differences 
in local weather and plant and wetland-wildlife needs. 
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Table 2.1. Size and treatment (draw down technique) of study wetlands (n = 30) in the 
Montezuma Wetlands Complex, New York, USA by year, 2016–2018. 
 
 
  
Wetland Area (ha) 
Treatment 
2016 2017 2018 
Arum 9.76 Full Partial Passive 
Benning 5.95 Full Passive Partial 
Breeder 11.91 Full Full Partial 
Brooder 5.23 Partial Passive Full 
CCC 5.00 Passive Passive Partial 
Colvin 10.68 Partial Passive Full 
Coot 11.97 Partial Partial Passive 
Deep Muck 11.29 Passive Passive Passive 
Foster 6.58 Partial Passive Partial 
Gander 6.07 Passive Passive Partial 
Goose 6.11 Passive Passive Partial 
Guys 27.69 Full Partial Full 
HQ 24.28 Passive Partial Full 
Loosestrife 8.60 Partial Partial Full 
Lost 3.21 Passive Full Passive 
M&M 17.32 Passive Full Full 
MACN 5.77 Passive Passive Full 
MACS 5.94 Passive Passive Passive 
Malone 8.89 Passive Passive Passive 
Martens 66.75 Partial Full Full 
Mays Pt 71.66 Passive Full Passive 
Millennium 24.26 Partial Full Passive 
Mitigation 10.40 Full Full Full 
Muckrace 2.35 Full Passive Full 
Mulligan 9.46 Full Partial Partial 
Teal 5.27 Passive Passive Full 
Torrey 8.63 Full Passive Passive 
Unit 1 24.54 Partial Passive Full 
Unit 2 13.04 Full Full Partial 
Warder 4.28 Partial Passive Full 
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Table 2.2. Plant species or genera (Weldy et al. 2020) observed during vegetation surveys in the 
Montezuma Wetlands Complex, New York, USA, (n = 30 wetlands) and their mean waterfowl 
forage quality coefficients, based on rankings by 7 waterfowl and wetland experts on the 
following scale: 1 = poor, 2 = fair, 3 = good, 4 = excellent, 2016–2018. 
Scientific Name Common Name Score 
Abutilon theophrasti Velvetleaf 1.67 
Achillea millefolium Yarrow 1.00 
Alisma subcordatum Water Plantain 2.43 
Alnus incana ssp. rugosa Speckled Alder 1.00 
Althaea officinalis Marshmallow 1.17 
Amaranthus spp. Pigweeds 3.29 
Ambrosia spp. Ragweeds 1.86 
Apocynum cannabinum Dogsbane 1.00 
Asclepias incarnata Swamp Milkweed 1.00 
Bidens spp. Beggarticks 2.86 
Bolboschoenus fluviatilis River Bulrush 1.60 
Calystegia spp. Morning Glory 1.33 
Carex spp. Sedges 2.29 
Celtis occidentalis Hackberry 1.50 
Ceratophyllum demersum Coontail 2.57 
Chara spp. Muskgrass 2.50 
Chenopodium album Goosefoot 2.83 
Cirsium arvense Canadian Thistle 1.00 
Cornus spp. Dogwoods 1.40 
Cuscuta gronovii Dodder 1.25 
Cyperus erythrorhizos Redroot Flatsedge 3.43 
Cyperus esculentus Yellow Nutsedge 3.71 
Daucus carota Queen Anne's Lace 1.00 
Echinochloa spp. Wild Millets 4.00 
Eleocharis spp. Spikerushes 2.57 
Elodea canadensis Canadian Waterweed 2.33 
Elymus canadensis Wild Rye 2.50 
Epilobium spp. Willowherbs 1.00 
Equisetum spp. Horsetails 1.25 
Eupatorium perfoliatum Common Boneset 1.17 
Eutrochium maculatum Joe-Pye Weed 1.00 
Galium spp. Bedstraws 1.00 
Glyceria canadensis Rattlesnake 
Mannagrass 
1.67 
Hydrocharis morsus-ranae Frogbit 1.00 
Impatiens capensis Touch-me-not 1.00 
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Scientific Name Common Name Score 
Juncus effusus Soft Rush 1.71 
Juncus spp. Rushes 2.14 
Leersia oryzoides Rice Cutgrass 3.57 
Lepidium campestre Cress 1.33 
Ludwigia palustris Marsh Seedbox 1.60 
Lycopus spp. Water Horehound 1.33 
Lythrum salicaria Purple Loosestrife 1.00 
Mentha spp. Wild Mint 1.00 
Mimulus ringens Monkeyflower 1.00 
Myriophyllum spicatum Water Milfoil 1.67 
Nuphar lutea Yellow Water Lily 2.00 
Nymphoides cordata Floating Heart 1.50 
Onoclea sensibilis Sensitive Fern 1.00 
Osmundaceae Ferns 1.00 
Panicum spp. Panic Grass 3.71 
Pastinica sativa Wild parsnip 1.00 
Peltandra virginica Arrow Arum 2.33 
Penthorum sedoides Ditch Stonecrop 1.00 
Persicaria spp. (Annual 
Species) 
Smartweeds (Annual) 3.43 
Persicaria spp. (Perennial 
Species) 
Smartweed (Perennial) 2.14 
Phalaris arundinacea Reed Canarygrass 1.33 
Phragmites australis Common Reed 1.00 
Poa spp. Grasses 1.67 
Pontederia cordata Pickerelweed 2.29 
Populus deltoides Cottonwood 1.17 
Populus tremuloides Quaking Aspen 1.00 
Potamogeton crispus Curly Leaf Pondweed 2.86 
Potamogeton nodosus Longleaf Pondweed 2.86 
Rudbeckia hirta Black-eyed Susan 1.20 
Rumex spp. Dock 2.57 
Sagittaria spp. Arrowhead 3.43 
Salix spp. Willow 1.17 
Schoenoplectus acutus Hardstem Bulrsuh 2.17 
Scirpus atrovirens Dark Green Bulrush 2.17 
Scirpus cyperinus Woolgrass 1.67 
Scutellaria spp. Skullcaps 1.20 
Setaria spp. Foxtails 3.57 
Sinapis arvensis Wild Mustard 1.25 
Solanum spp. Nightshades 1.00 
Solidago spp. Goldenrods 1.00 
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Scientific Name Common Name Score 
Sparganium spp. Burreeds 3.14 
Stuckenia pectinata Sago Pondweed 3.57 
Symphyotrichum spp. Asters 1.00 
Taraxacum officinale Dandelion 1.20 
Toxicodendron radicans Poison Ivy 1.00 
Typha angustifolia Narrowleaf Cattail 1.00 
Typha latifolia Broadleaf Cattail 1.00 
Typha xglauca Hybrid Cattail 1.00 
Urtica dioica Stinging Nettle 1.00 
Utricularia spp. Bladderworts 1.83 
Vallisneria americana Wild Celery 3.57 
Verbena hastata Blue Vervain 1.20 
Vicia spp. Vetch 1.00 
Vitis riparia Riverbank Wild Grape 1.80 
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Table 2.3. Mixed model linear regression results for treatment effects on wetland structure and 
vegetation surveys, submerged aquatic vegetation surveys, core sampling, breeding marsh bird 
surveys, bird flush counts, and spring waterfowl counts for modeled variables and survey periods 
in the Montezuma Wetlands Complex, New York, USA 2016–2018. 
Surveydf & Variables Period Effect 
F 
Value Pr>F 
Wetland Structure  
& Vegetation Surveys2, 56 
Water Depth Summer Treatment 105.57 <0.01 
  Year 89.57 <0.01 
 Fall Treatment 64.39 <0.01 
  Year 82.22 <0.01 
Water Depth Variation Summer Treatment 57.20 <0.01 
  Year 0.07 0.93 
 Fall Treatment 30.3 <0.01 
  Year 39.25 <0.01 
Vegetation Height Summer Treatment 0.78 0.46 
  Year 113.77 <0.01 
 Fall Treatment 0.72 0.49 
  Year 8.97 <0.01 
Vegetation Height Variation Summer Treatment 3.31 0.04 
  Year 26.00 <0.01 
 Fall Treatment 46.86 <0.01 
  Year 0.63 0.53 
VFQI Summer Treatment 0.40 0.67 
  Year 5.67 0.01 
 Fall Treatment 4.97 0.01 
  Year 6.35 0.0033 
Richness Summer Treatment 0.56 0.57 
  Year 14.5 <0.01 
 Fall Treatment 0.11 0.89 
  Year 5.69 0.01 
% Open Water Summer Treatment      8.37 <0.01 
  Year    16.62 <0.01 
 Fall Treatment     5.31 0.01 
  Year     1.16 0.32 
% Mudflat Summer Treatment     8.38 <0.01 
  Year     3.66 0.03 
 Fall Treatment     1.04 0.36 
  Year      6.20 <0.01 
% Monotypic Cattail Summer Treatment      0.17 0.84 
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Surveydf & Variables Period Effect 
F 
Value Pr>F 
  Year 0.35 0.71 
 Fall Treatment 0.03 0.97 
  Year 0.58 0.57 
% Invasive Species Summer Treatment 2.03 0.36 
  Year 4.75 0.01 
 Fall Treatment 3.63 0.16 
  Year 1.78 0.18 
% Annual Plants Fall Treatment 12.61 <0.01 
    Year 33.50 <.001 
Breeding Marsh Bird Surveys2, 230 
Pied-billed grebe  Treatment 5.5 <0.01 
Virginia rail  Treatment 1.24 0.29 
Sora  Treatment 0.65 0.52 
Common gallinule  Treatment 7.99 <0.01 
American bittern  Treatment Did not converge 
Least bittern  Treatment 0.74 0.48 
Submerged Aquatic Vegetation (SAV) Surveys2, 39 
SAV Density  Treatment 4.97 0.03 
Bird Flush Counts2, 55 
Anatidae Summer Treatment 95.58 <.01 
 Fall Treatment 59.36 <.01 
Ardeidae Summer Treatment 12.61 <.01 
 Fall Treatment 0.00 1 
Hirundinidae Summer Treatment 4.09 0.02 
 Fall Treatment 244.92 <.01 
Icteridae Summer Treatment 9.63 <0.01 
 Fall Treatment 505.79 <.01 
Passerellidae Summer Treatment 5.68 0.01 
 Fall Treatment 19.4 <.01 
Rallidae Summer Treatment 23.62 <.01 
 Fall Treatment 8.3 <0.01 
Shorebirds Summer Treatment 0.82 0.45 
 Fall Treatment 13.59 <.01 
Troglodytidae Summer Treatment 9.59 <0.01 
 Fall Treatment 2.81 0.07 
Other Passerines Summer Treatment 70.86 <.01 
 Fall Treatment 8.22 <0.01 
Other birds Summer Treatment 0 1 
 Fall Treatment 23.56 <.01 
Total birds Summer Treatment 183.2 <.01 
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Surveydf & Variables Period Effect 
F 
Value Pr>F 
 Fall Treatment 910.58 <.01 
Core Sampling2, 87 
Seed and Tuber Density   Treatment 12.01 <.01 
Spring Waterfowl2, 253.5 
Diving  Treatment 0.69 0.50 
Dabbling  Treatment 4.08 0.02 
Ducks  Treatment 4.39 0.01 
Total Waterfowl  Treatment 2.76 0.07 
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Table 2.4. Year and treatment means and standard errors from the mixed model linear regression 
for water depth, variation in water depth, vegetation height, variation in vegetation height, 
vegetative forage quality index (VFQI), species richness, percent cover of open water, mudflat, 
monotypic cattail, invasive species and annual plants in full draw down, partial draw down, and 
passive wetlands in the Montezuma Wetlands Complex, New York, USA, 2016–2018. NS 
denotes no significant difference and letters that are the same denote no difference between 
predictor variables at α = 0.10. 
Metric Period Treatment Mean ± SE   Year Mean ± SE   
Water 
Depth 
Summer 
Full 8.59 ± 1.17 A 2016 12.58 ± 1.62 A 
Partial 17.45 ± 2.27 B 2017 23.93 ± 2.99 B 
Passive 27.34 ± 3.42 C 2018 13.61 ± 1.75 A 
Autumn 
Full 2.33 ± 0.44 A 2016 3.93 ± 0.7 A 
Partial 7.72 ± 1.36 B 2017 3.94 ± 0.7 A 
Passive 9.29 ± 1.57 B 2018 10.8 ± 1.8 B 
Water 
Depth 
Variation 
Summer 
Full 9.07 ± 0.92 A 
NS 
    
Partial 17.26 ± 1.67 B 15.97 ± 1.52  
Passive 21.57 ± 1.96 B   
Autumn 
Full 4.76 ± 0.69 A 2016 6.24 ± 0.85 A 
Partial 10.06 ± 1.39 B 2017 6.36 ± 0.87 A 
Passive 10.03 ± 1.32 B 2018 12.1 ± 1.55 B 
Vegetation 
Height 
Summer NS 58.39 ± 6.03 
  2016 63.93 ± 5.94 A 
 2017 45.61 ± 6.19 B 
 2018 65.62 ± 5.96 A 
Autumn NS 84.83 ± 5.33 
  2016 81.75 ± 5.29 AB 
 2017 79.47 ± 5.29 A 
 2018 93.27 ± 5.40 B 
Vegetation 
Height 
Variation 
Summer NS 54.73 ± 3.62 
  2016 59.48 ± 3.59 A 
 2017 46.53 ± 3.67 B 
 2018 58.18 ± 3.60 A 
Autumn 
Full 43.33 ± 4.20 A 
NS 55.26 ± 4.25 
  
Partial 57.15 ± 4.73 B  
Passive 65.30 ± 3.83 B  
VFQI 
Summer NS 0.62 ± 0.05 
  2016 0.72 ± 0.05 A 
 2017 0.54 ± 0.05 B 
 2018 0.59 ± 0.05 B 
Autumn 
Full 0.98 ± 0.06 A 2016 0.81 ± 0.06 A 
Partial 0.92 ± 0.07 A 2017 0.83 ± 0.06 A 
Passive 0.76 ± 0.06 B 2018 1.02 ± 0.06 B 
Richness Summer NS 11.31 ± 0.72   2016 13.18 ± 0.71 A 
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Richness 
Summer 
 2017 8.78 ± 0.73 B 
  2018 11.96 ± 0.72 A 
Autumn NS 12.89 ± 0.84 
 2016 13.65 ± 0.83 A 
 2017 13.95 ±0.85 A 
  2018 11.07 ± 0.84 B 
Open 
water (%) 
Summer 
Full 21.73 ± 4.1 A 2016 26.10 ± 3.89 A 
Partial 39.54 ± 4.42 B 2017 46.58 ± 3.97 B 
Passive 36.87 ± 3.91 B 2018 25.47 ± 3.90 A 
Autumn 
Full 7.64 ± 3.14 A 
NS 13.83 ± 3.18 
  
Partial 12.64 ± 3.43 A  
Passive 19.87 ± 2.96 B   
Mudflat 
(%) 
Summer 
Full 14.22 ± 2.27 A 2016 11.37 ± 2.25 A 
Partial 3.99 ± 2.58 B 2017 6.15 ± 2.31 AB 
Passive 2.28 ± 2.06 B 2018 2.96 ± 2.26 B 
Autumn NS 5.69 ± 2.23 
  2016 11.11 ± 2.21 A 
 2017 4.97 ± 2.27 B 
  2018 0.99 ± 2.22 B 
Monotypic 
Cattail 
(%) 
Summer NS 10.02 ± 1.46   NS 10.02 ± 1.46   
Autumn NS 14.99 ± 1.66   NS 14.99 ± 1.66   
Invasive 
Cover (%) 
Summer NS 42.42 ± 2.89   NS 42.42 ± 2.89   
Autumn NS 38.73 ± 2.79   NS 38.73 ± 2.79   
Annuals 
(%) 
Autumn 
Full 27.63 ± 10.32 A 2016 28.82 ± 10.05 A 
Partial 15.15 ± 8.13 AB 2017 21.99 ± 9.08 AB 
Passive 7.23 ± 4.29 B 2018 4.77 ± 4.00 B 
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Table 2.5. Year and treatment least squared means and standard errors from the mixed model 
linear regression for breeding marsh bird density of pied-billed grebes, Virginia rails, Sora, 
common gallinules, American bitterns, and least bitterns in fully drawn down, partially drawn 
down, and passively managed wetlands in the Montezuma Wetlands Complex, New York, USA 
2016–2018. NS denotes no significant difference and letters that are the same denote no 
difference between predictor variables at α = 0.10. 
Marsh Bird Treatment Mean ± SE (Birds/point)  
Pied-billed Grebe Full 0.01 ± 0.01 A 
Partial 0.19 ± 0.07 B 
Passive 0.20 ± 0.07 B 
 
Virginia Rail 
 
NS 
 
0.29 ± 0.16 
 
 
Sora 
 
NS 
 
0.04 ± 0.32 
 
 
Common Gallinule 
 
Full 
 
0.08 ± 0.03 
 
A 
Partial 0.26 ± 0.09 B 
Passive 0.33 ± 0.10 B 
 
Least Bittern 
 
NS 
 
0.02 ± 0.40 
 
 
American Bittern 
 
 
Did not converge 
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Table 2.6. Year and treatment least-squared means and standard errors from the mixed model 
linear regression of birds/hectare for flush counts of 11 different bird groups, conducted in full 
draw down, partial draw down, and passive wetlands during early summer and early autumn in 
the Montezuma Wetlands Complex, New York, USA 2016–2018. NS denotes no significant 
difference, and letters that are the same denote no difference between predictor variables at α = 
0.10. 
Bird Group Period Treatment Mean ± SE (birds/ha)   
Anatidae Summer Full 0.52 ± 0.16 A 
  Partial 2.62 ± 0.74 B 
  Passive 5.70 ± 1.57 C 
 Autumn Full 7.71 ± 2.28 A 
  Partial 3.79 ± 1.14 B 
  Passive 9.59 ± 2.81 C 
Ardeidae Summer Full 1.62 ± 0.48 A 
  Partial 3.72 ± 1.04 B 
  Passive 4.65 ± 1.18 B 
 Autumn NS 1.00 ± 1.21  
Hirundinidae Summer Full 10.75 ± 2.63 AB 
  Partial 10.03 ± 2.48 A 
  Passive 12.5 ± 3.06 B 
 Autumn Full 1.36 ± 0.83 A 
  Partial 0.03 ± 0.02 B 
  Passive 0.30 ± 0.19 C 
Icteridae Summer Full 6.58 ± 1.79 A 
  Partial 6.51 ± 1.78 A 
  Passive 9.48 ± 2.57 B 
 Autumn Full 22.24 ± 8.74 A 
  Partial 3.61 ± 1.43 B 
  Passive 13.14 ± 5.17 C 
Passerellidae Summer Full 15.08 ± 2.00 A 
  Partial 12.88 ± 1.77 AB 
  Passive 11.72 ± 1.58 B 
 Autumn Full 12.07 ± 1.82 A 
  Partial 12.07 ± 1.89 A 
  Passive 6.83 ± 1.07 B 
Rallidae Summer Full 0.04 ± 0.03 A 
  Partial 0.16 ± 0.08 B 
  Passive 1.31 ± 0.58 C 
 Autumn Full 0.08 ± 0.05 A 
  Partial 0.15 ± 0.08 A 
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Bird Group Period Treatment Mean ± SE (birds/ha)   
  Passive 0.52 ± 0.22 B 
Shorebirds Summer  NS 0.57 ± 0.34   
 Autumn Full 0.84 ± 0.41 A 
  Partial 1.06 ± 0.52 A 
  Passive 0.30 ± 0.16 B 
Troglodytidae Summer Full 2.69 ± 0.75 A 
  Partial 2.62 ± 0.74 A 
  Passive 4.49 ± 1.24 B 
 Autumn Full 1.00± 0.28 A 
  Partial 1.12 ± 0.33 AB 
  Passive 1.76 ± 0.46 B 
Other passerines Summer Full 1.14 ± 0.37 A 
  Partial 1.13 ± 0.37 A 
  Passive 4.71 ± 1.47 B 
 Autumn Full 0.92 ± 0.31 A 
  Partial 0.51 ± 0.20 A 
  Passive 0.14 ± 0.07 B 
Other birds Summer  NS 1.00 ± 1.21   
 Autumn Full 10.57 ± 8.09 A 
  Partial 6.29 ± 4.32 A 
  Passive 70.35 ± 44.02 B 
Total birds Summer Full 52.83 ± 8.2 A 
  Partial 53.11 ± 8.27 A 
  Passive 95.88 ± 14.82 B 
 Autumn Full 128.11 ± 22.26 A 
  Partial 32.15 ± 5.65 B 
    Passive 66.47 ± 11.55 C 
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Figure 2.1. Least squared submerged aquatic vegetation density (kg/ha) means and standard 
errors from the mixed model linear regression by treatment (A) and year (B) during in the 
Montezuma Wetlands Complex, New York, USA, July, 2016–2018. 
  
1796
1208
0
500
1000
1500
2000
2500
Partial Passive
Su
b
m
er
ge
d
 A
q
u
at
ic
 V
eg
et
at
io
n
 D
en
si
ty
 
(k
g/
h
a)
Wetland Treatment
2479
1144
882
0
500
1000
1500
2000
2500
3000
2016 2017 2018
SA
V
 D
en
si
ty
 (
kg
/h
a)
A 
B 
71 
 
 
 
Figure 2.2. Least squared seed and tuber density (kg/ha) means and standard errors from the 
mixed model linear regression by treatment collected in the Montezuma Wetlands Complex, 
New York, October, USA, 2016–2018. 
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Figure 2.3: Least squared means and standard errors from the mixed model linear regression for 
waterfowl density (birds/ha) for diving ducks, dabbling ducks, all ducks, and total waterfowl by 
treatment during spring migration in Montezuma Wetlands Complex, New York, USA, 
February–April, 2017–2019. 
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CHAPTER 3: CONCLUSIONS 
I detected differences in water depth, water depth variation, and vegetation height 
variation between the three treatments during both spring and autumn survey periods. In May–
June, full draw downs had less water depth, water depth variation, and percent open water, and 
greater percent cover of mudflats than partial draw downs or passive wetlands. Early in the 
growing season, these hydrologic differences had not yet resulted in plant community 
differences. At this time, vegetation height, vegetation height variation, vegetative forage quality 
index (VFQI), species richness, and percent cover of monotypic cattail did not differ between 
full draw downs and the other treatments. 
As the growing season progressed, in July, partial draw down wetlands had greater 
submerged aquatic vegetation density than passive wetlands. In late September–early October, 
differences in water depth, water depth variation, percent open water, and percent cover of 
mudflats between full draw downs and partial draw downs and passive wetlands persisted. At the 
end of the growing season, I detected more differences in plant community. I observed there was 
less vegetation height variation and less percent cover of monotypic cattail in full draw downs 
than in partial draw downs or passive wetlands, and there was greater VFQI and percent cover of 
annual plants in full draw downs than in passive wetlands. Differences in plant community likely 
resulted in greater seed and tuber production, because I detected greater seed and tuber density in 
full and partial draw downs than in passive wetlands. The fact that plant community differences 
became more apparent later in the growing season corroborates previous research claims that 
differences in plant community do not become apparent until later in the growing season 
(Fleming et al. 2012). Greater annual plant cover in autumn also supports findings that drawing 
down water levels early in the growing season helps promote germination of plants, especially 
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annuals, which can result in greater seed production (van der Valk and Davis 1978, Fredrickson 
and Taylor 1982, Kross et al. 2008). 
 I detected treatment differences in bird densities in my study area, and these differences 
correlated with wetland structure and plant community differences during summer and autumn. 
During the breeding and brood-rearing season, when plant communities were still similar 
between treatments, birds generally had greater densities in passive wetlands than in full or 
partial draw down wetlands. Some notable exceptions were breeding marsh birds that were found 
in similar densities in partial draw downs and passive wetlands, and sparrows that used full draw 
downs in greater densities than passive wetlands. Overall, during the spring and summer 
breeding season, passive wetlands were more important for birds than full or partial draw down 
wetlands, which matches previous findings that have linked water depth to breeding habitat 
selection of some birds (Leonard and Picman 1986, Picman et al. 1993, Baschuk et al. 2012). 
During late September–early October, I detected greater densities of birds in full draw down 
wetlands than in partial draw down or passive wetlands, which is likely due to greater seed 
availability for many birds that forage for energy-rich seeds in advance of migration (Beal 1900, 
Johnson and Caslick 1982, Danner et al. 2013). Waterfowl and rails did not follow this trend, and 
I detected them in greater densities in passive wetlands than in full or partial draw down 
wetlands, reinforcing the importance of water levels for these birds in times when water may be 
limiting (Taft et al. 2002, Baschuk et al. 2012). 
Despite similarities between full and partial draw down wetlands in VFQI and seed 
production, and similarities between passive wetlands in percent open water and water depth 
between partial draw down and passive wetlands, partial draw downs generally had less bird 
density than the other treatments. During spring migration, I detected greater densities of all 
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waterfowl and specifically dabbling ducks, in full draw downs than in passive wetlands. Full 
draw downs had greater food density and were not fully flooded as early as the other treatments, 
and previous research has shown that flooding wetlands later increases the availability of food 
for waterfowl during the spring migration (Greer et al. 2007). Waterfowl likely more densely 
used full draw downs in spring because food resources are important to build energy reserves for 
migration and are limited during spring migration (Fredrickson and Drobney 1979, Krapu 1981, 
Taft et al. 2002, Greer et al. 2007). 
Full draw down wetlands are important for producing abundant food and providing 
migration habitat for many birds. Passive wetlands are important for providing breeding and 
brood-rearing habitat. Often the birds that use passive wetlands for breeding shift to full draw 
down wetlands for migration. The utility of partial draw down wetlands for birds is apparently 
less than full draw down or passive wetlands. The MWC is designated an Important Bird Area 
by the National Audubon Society, and it is a focus area for wetlands restoration and migratory 
bird conservation (Manus et al. 2005, National Audubon Society 2011, Jasikoff 2013). Managers 
of restored wetlands in the MWC should focus their efforts towards providing a mix of full draw 
down and passive wetlands to provide sufficient bird habitat throughout the year in this vital 
area. 
Future Directions 
True metabolizable energy (TME) and foraging quality of plant taxa were not considered 
when I analyzed seed and tuber densities from soil core samples. Waterfowl have diet 
preferences, and different plants and seeds have different foraging values (Brasher et al. 2007, 
Dugger et al. 2007, Callicutt et al. 2011, Fleming et al. 2012). It is possible that one management 
technique could be producing greater densities of undesirable seeds than another. Incorporating 
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preference into an analysis of seed and tuber densities would allow greater understanding of food 
resources available to waterfowl as a result of wetland management. It would be valuable to use 
TME and preference information of seed and tuber densities, with submerged aquatic vegetation 
(SAV) and invertebrate densities included because they are important waterfowl foods, to 
evaluate the amount of energy available to waterfowl in the MWC (McMahan 1970, Paulus 
1982, Lancaster et al. 2018, Gross et al. 2020). Landscape energy availability is an important tool 
for habitat planning for waterfowl conservation (Dugger et al. 2007, Brasher et al. 2007, Coluccy 
et al. 2015). This energetic carrying capacity information would better equip wetland managers 
and conservation planners to provide enough habitat for waterfowl in the MWC. 
 Additional research on bird densities by treatment during the late autumn would be 
important for wetland managers who also need to manage hunter satisfaction. I conducted bird 
surveys prior to waterfowl hunting season to avoid possible effects caused by hunter disturbance, 
which can change waterfowl distributions and confound efforts to prove response to habitat 
changes (Madsen 1998). During these periods, waterfowl densities are important to recreational 
hunters, and hunter success is positively associated with local duck abundance (Stafford et al. 
2010, Schummer et al. 2020). Controlling for hunter disturbance could be a way to better 
determine treatment effects on waterfowl densities during the hunting season. Alternatively, 
hunter surveys could be conducted to examine potential treatment differences in waterfowl 
harvest (Schummer et al. 2019). It would be important to survey across multiple periods to 
determine if shifts occur as autumn progresses. Waterfowl densities were greater in passive 
wetlands in early autumn but shifted to full draw downs during spring migration. Surveying later 
in autumn could help determine when that shift occurs.  
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ABSTRACT 
Aquatic invertebrates are a critical part of marsh ecosystems because they are an important food 
source for birds, fish, and amphibians. We investigated how water level drawdown, prior year 
water level drawdown, water depth, and percent cover of open water, invasive plant species, and 
monotypic cattail affected the density, species richness, and Shannon-Weiner Diversity of 
macroinvertebrate communities within the Montezuma Wetlands Complex (MWC) in the Finger 
Lakes Region of New York. Macroinvertebrate collection and wetland structure assessment were 
conducted in wetlands in the MWC, May–July, 2016–2018. Our model that best explained 
macroinvertebrate density and species richness included water depth, treatment, and prior year 
treatment as variables. The predicted densities of aquatic macroinvertebrates were 117.2% 
greater in partial drawdown (1,889.30/m2) than passive (869.76/ m2) wetlands, increased from 
333.77/m2 at the shallowest water depth of 15.5 cm to 2,056.84/m2 at the deepest water depth 
(48cm), and areas in full drawdown the prior year (3,083.19/m2) differed from areas in partial 
draw down (798.36/m2) or passive wetlands (855.85/m2) the year prior, but densities in wetlands 
with partial and passive treatments the year prior did not differ. Four competing models  best 
explained Shannon-Weiner Diversity Index, and the null model retained some weight, but the top 
model included water depth as the explanatory variable. Our model-predicted Shannon-Weiner 
Diversity Index was 0.11 in the shallowest areas (mean =15.5 cm), and 3.60 in the deepest areas 
(mean = 48 cm). Partial water drawdown wetlands provided substantially greater aquatic 
macroinvertebrate food resources of greater taxa diversity to juvenile birds during summer, but 
we also detected a positive response of aquatic macroinvertebrate density and taxa diversity 
when water was fully drawn down the year prior to a partial drawdown or passive wetland 
management.  
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Keywords: aquatic macroinvertebrates, freshwater marsh, Montezuma Wetlands Complex, 
wetland management  
Introduction 
Increases in the human population often results in conversion of lands to meet industrial, 
agricultural, and residential needs. Wetlands are not exempted with 50% converted for human 
use in North America since European settlement (Whitford 1906, USDOI 2000, Mitsch and 
Gosselink 2007). It was only after these wetlands were drained, filled, and polluted that we 
realized the myriad ecosystem services they perform including flood control, water filtration, and 
the maintenance of biodiversity (Reinecke and Heitmeyer 1988, USDOI 2000). Since the 
environmental movement of the 1970s, restoration and management of wetlands became an 
increasingly common theme (Mitsch and Gosselink 2007). Currently, many public and private 
entities throughout North America use a diversity of tools to meet wetland conservation goals, 
including those for migratory birds (USDOI 2000, USFWS 2012, Lawrence et al. 2016). A 
diversity of migratory birds in particular depend on wetland habitats, where they forage on seeds, 
vegetation, invertebrates, and vertebrates (Ma et al. 2010, Schummer et al. 2012). Aquatic 
macroinvertebrates are a key part of wetland ecosystems because they provide food for birds, 
fish, and amphibians (Merritt and Cummins 1996, Anderson and Smith 2000, Suren et al. 2011, 
Lawrence et al. 2016). For birds, invertebrates are an important source of protein and calcium for 
the production of eggs by nesting females and for growth by juveniles (Collins et al. 2015). 
Invertebrates can serve as an indicator for wetland restoration and management success because 
they play a fundamental role in wetland ecosystems by providing trophic foundation food for 
other organisms. In addition to measuring plant and vertebrate response, surveys of invertebrate 
among restoration and management techniques provide opportunity to refine wetland restoration 
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and management techniques because invertebrates are often habitat specific and sensitive to 
environmental perturbations (Foote and Hornung 2005, Suren et al. 2011, Collins et al. 2015).   
In unaltered systems, wetlands associated with rivers tend to be especially dynamic 
because they often have annual flooding events, some of which can be substantial and seasonally 
sustained (Mitsch et al. 2005). Flooding provides the transfer of nutrients and organisms that 
allow wetlands to diversify, while seasonal drying of the floodplain enables plant growth and 
provides food and habitat for invertebrates and other organisms (USDOI 2000, Foote and 
Hornung 2005, Lyon et al. 2010, Conallin et al. 2016). However, in highly-modified systems 
used for transportation and flood reduction, historic flood and drought conditions have been 
removed, breaking the critical link between the energy-rich flood waters and nearby wetlands 
(Vannote et al. 1980).  
Restored wetlands are typically managed to mimic historic water regimes, thereby 
providing suitable habitats for native organisms (Fredrickson and Taylor 1982). Hydrology is 
considered one of the most important factors in proper wetland management (Ma et al. 2010), 
thus restored wetlands often have systems in place to manipulate water level (e.g., water control 
structures; Gray et al. 1999). Water control structures allow for flooding or drawdown of water 
in wetlands to mimic their dynamic water regimes (USDOI 2000, Foote and Hornung 2005). 
Seasonally and interannually dynamic water regimes promote wetland plant establishment and 
growth and diversify habitats for invertebrates (Ma et al. 2010, Collins et al. 2015). Capacity to 
control water depth and timing of flooding also can play a key role in control of invasive species 
(Wilcox 2004, Herrick and Wolf 2005). In Great Lakes wetlands, reduced abundance of aquatic 
macroinvertebrates was associated with colonization by invasive Typha (Lawrence et al. 2016). 
Historic water regimes sustain wetland heterogeneity, whereas removal of water fluctuations and 
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capacity to manage water depths can result in monotypes of dominant plants, some of which also 
are invasive (Wilcox 2004, Lawrence et al. 2016).  
Freshwater wetlands in temperate regions of eastern North America are often managed to 
produce a 1:1 ratio of open water to vegetated area (previously termed “hemi-marsh”, which 
translates to “half-marsh”; hereon we use the term “half-vegetated wetland” to correctly note the 
entire area we surveyed was wetland, but that half of that wetland area was vegetated and half 
was open water without vegetation) because it was shown to produce the greatest bird use and 
diversity (Weller and Spatcher 1965, Weller and Frederickson 1973, Bishop et al. 1979, Murkin 
et al. 1982). Half-vegetated wetlands in Iowa attracted the greatest abundance of mallards (Anas 
platyrhynchos) and blue-winged teal (Anas discors), and greater abundances and harvest of 
muskrat (Ondatra zibethicus) than other wetland vegetation to open water ratios (Bishop et al. 
1979). Dabbling duck pair densities also were greatest in half-vegetated marshes among 
experimentally manipulated impoundments mimicking different open water:vegetation ratios 
(Murkin et al. 1982). Dense, monotypic cattail marsh and degenerating marshes, open water 
wetlands where muskrats eliminated vegetation supported less bird diversity than half-vegetated 
wetlands (Weller and Spatcher 1965). There also is evidence of greater colonization by water 
boatmen (Corixidae) and water beetles (Hydrophilid) during autumn – spring of half-vegetated 
wetlands in California among experimentally manipulated wetlands (Batzer and Resh 1992). 
Based on evidence from an abundance of studies wetland managers aim for a 50:50 open water 
to vegetation ratio (half-vegetated wetland) in wetlands.  
Management may be necessary to maximize the diversity and abundance of invertebrates 
in restored wetlands. For example, no matter the amount of time since restoration, invertebrate 
density and diversity tends to be greater in wetlands with periodic drawdowns that mimic 
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seasonal drying of basins than nearby unmanaged wetlands with water remaining year-round 
(VanRees-Siewart 1993, Anderson and Smith 2000). More specifically, in Texas, a combination 
of moist-soil management along with the addition of water to a wetland in September increased 
invertebrate densities (Anderson and Smith 2000). Further, during the emergent wetland cycle, 
water drawdowns are used to promote germination of annuals and perennials following marsh 
degeneration of the open water lake stage (van der Valk and Davis 1978). Revitalizing wetland 
vegetation through managed water drawdown to promote succession (van der Valk 1981) 
provides additional niches for aquatic invertebrates (Murkin et al. 1982).  
Our aim was to determine if aquatic macroinvertebrate density and diversity in restored 
wetlands differed between those with and without partial water drawdown during the growing 
season in the Montezuma Wetlands Complex of central New York. We also investigated if 
model performance was improved by inclusion of wetland management treatment from the prior 
year and wetlands structure including water depth and percentages of open water, invasive 
plants, and monotypic cattail. Our intent was to provide recommendations to managers of 
restored wetlands in the Great Lakes region with the aim to maximize aquatic macroinvertebrate 
food resources for juvenile waterbirds during their summer period of growth.  
Material and methods 
Study Area 
Our study was conducted in the MWC, located in the Finger Lakes region of central New York 
(43°04'05.0"N, 76°43'09.2"W; Fig. 1). The MWC is primarily managed as habitat for migratory 
birds, but a diversity of other wetland and upland wildlife also use the MWC (USDOI 2000). 
Wetland design, restoration, and management involves the collective efforts by the New York 
State Department of Environmental Conservation (NYSDEC), the U.S. Fish and Wildlife 
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Service, and Ducks Unlimited, Inc. The MWC has 43 impoundments ranging in size from 0.40-
59.9 hectares.  
Wetland restoration and management at the MWC is necessary because there has been a 
dramatic decrease in habitat for wetland-wildlife since the 1800s. In 1822, the Erie Canal was 
constructed, mainly for the purpose of navigation, but also to drain marshes for farming along 
the Seneca River. Jack’s Reef (43°05'56.2"N, 76°25'24.0"W), located east of Montezuma, 
originally limited the water runoff, but this section of the Erie Canal was enlarged in the 1850s to 
further navigation and reduce flood duration and intensity. A lock and dam on Cayuga Lake and 
channelization which regulated flow and flooding into the marshes further reduced the seasonal 
flood pulse (Whitford 1906). Eventually, 70% of the marshes in the MWC were drained for 
farming and other human activities, eliminating much of the available habitat for wetland-
dependent organisms (USDOI 2000, Riley 2012). As such, the region is a focus area under the 
North American Wetlands Conservation Act (NAWCA), and federal, state, and a non-profit 
organization actively restore wetlands in the region. As of 2017, in the MWC, $8.97M ($2.46M 
NAWCA, $6.41M state and non-profit partner match) has been invested to restore and conserve 
8,701 acres (Brandy Neveldine, Ducks Unlimited, personal communication). 
Wetland Management  
Restored wetlands in the MWC are currently subject to three management regimes; 1) passive 
management, 2) partial drawdown, and 3) full-drawdown. Passively managed wetlands have 
water control structures, but water is retained on the wetland throughout the growing season. 
Drawdowns are used to mimic seasonal drying of riverine wetlands. Restored wetlands in the 
MWC are separated from the Seneca River hydrology by berms and water control structures. The 
New York Canal Corporation (see www.canals.ny.gov/about/about.html) controls the flooding 
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and drying of the Seneca River to reduce damage to residential homes and crops in the floodplain 
and sustain year-round navigation in the Erie Canal. It is estimated that the New York Canal 
Corporation manages flood waters at ≥ 3 m lower than traditional seasonal flooding (McIntosh 
1877). Restoration of wetlands in the MWC often uses existing berms and water control 
structures to sustain flood waters into the growing season. Prior to restoration, these berms were 
used to keep flood water out of farm fields. Partial drawdowns use the water control structures to 
remove between 20-50% of the water in the basin by the end of July. Full drawdown wetlands 
mimic drying of wetlands during the summer months, resulting in full dewatering of the wetland 
other than the borrow ditch by the end of July (Fleming et al. 2012).  Biologists designate 
management types annually to maximize benefits to the diversity of wetland-wildlife in the 
MWC. Decisions are made based on types of plant growth (e.g. annuals or perennials), wildlife 
habitat desired (e.g., emergent marsh, moist-soil, open water), control of invasive plants, and 
management for a complex of different wetland types.  
Experimental Design 
In 2016, 30 wetlands were selected as part of a long-term ecological study of managed wetlands 
in the MWC. New York State Department of Environmental Conservation (DEC) and partners 
identified all full-drawdown wetlands annually and paired them spatially with partial drawdown 
and passively managed wetlands. Our aim was to equally divide the three wetland management 
treatments among the 30 restored wetlands, but annual differences in precipitation and plant 
management needs precluded this complete block design. We sampled 7 partial drawdown and 
10 passive wetlands in 2016, 5 partial drawdown and 15 passive wetlands in 2017, and 8 partial 
drawdowns and 9 passive wetlands in 2018. We did not sample full drawdown wetlands for 
macroinvertebrates in this study because they were mostly or completely dewatered and did not 
89 
 
provide nesting or habitat for juvenile waterbirds during summer. We collected invertebrate 
samples May – July which was timed with observations of juvenile waterbirds (e.g. Virginia rail 
[Rallus limicola], common gallinule [Gallinula galeata]) during a concurrent study.  This timing 
was chosen so that our sampling was biologically relevant because invertebrates are an important 
food source for growing waterbirds (Tacha and Braun 1994).  
 
Invertebrate Sampling 
To collect samples, we followed the stovepipe collection method as described by Lawrence et al. 
(2016) and Gathman and Burton (2011). We inserted a 15 cm diameter, 65 cm high stovepipe 
cylinder 5−cm into the sediment at 10 evenly spaced points in each wetland in areas ≤ 65 cm 
deep. At each point, we used a syphon-pump to extract the water and invertebrates out of the 
pipe and into a 300 μm sieve. To standardize biomass and species richness calculations, we 
pumped each stovepipe sample 100 times through the sieve, or until all water and invertebrates 
were extracted from the stovepipe area (Lawrence et al. 2016). Once collected, we fixed the 
samples in 50% ethanol and stored them in a freezer until they were ready for sorting and 
identification in the laboratory. We used a dissection microscope, to classify invertebrates to the 
lowest reasonable taxonomic order (Foth 2011). We used these data to calculate density 
(macroinvertebrates/m2), taxa richness, and the Shannon-Weiner Diversity Index (Krebs 1999).  
Wetland Structure and Vegetation Surveys 
We surveyed vegetation to measure water depth (± 5cm) and percentage open water, monotypic 
cattail, and invasive plant species, 20 May – 15 June 2016 – 2018. We surveyed wetland 
structure and vegetation using a point-intercept method (Laubhan and Fredrickson 1992, Ervin et 
al. 2006, Fleming et al. 2012). A species accumulation curve was used to determine the 
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appropriate number of points needed for a representative sample of the plant community 
(Fleming 2010, Roberts-Pichette and Gillespie 1999). As a result, 40 points were identified as 
sufficient for a representative sample (Fleming 2010). We established 40–70 evenly spaced 
points along evenly spaced transects throughout each wetland. At each sampling point, we 
placed a 3 cm diameter by 150 cm height PVC rod vertically in contact with the substrate and 
identified all plant species in contact with the rod. We included narrow-leaved cattail (Typha 
angustifolia), hybrid cattail (Typha xglauca), common reed (Phragmites australis), purple 
loosestrife (Lythrum salicaria), and reed canary grass (Phalaris arundinacea) as invasive plants. 
We also recorded water depth (±5 cm) and whether the point occurred in open water with no 
above water vegetation. 
Statistical Analysis 
We used an information-theoretic approach for model selection and to calculate Akaike’s 
information criterion (AIC) for each model (Burnham and Anderson 2002). For 
macroinvertebrate density, taxa richness, and the Shannon-Weiner Diversity Index, we used 
ΔAIC and AIC weights (wi) to assess relative support for effects of TREATMENT (partial or 
passive), the PRIOR year treatment (full, partial, or passive), mean water depth at sampling 
points, and percentage open water (OW), invasive plant species (INVASIVE), and monotypic 
cattail (MONO; PROC Mixed, SAS Institute 2015). We also investigated inclusion of percentage 
open water as a quadratic relationship because of prior studies suggesting that 50% open water 
had the greatest density of macroinvertebrates (Murkin et al. 1982). We included year as a 
repeated measure with wetland as the experimental unit. We tested for correlation among 
predictor variables and did not use variables that were highly correlated in our models (-0.5 < r < 
0.5; Mukaka 2012, Schober et al. 2018). We used model-averaging when more than one model 
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was < 2 ∆AICc units from the top model. We used least-squared means and applied Tukey tests 
post-hoc to determine differences among categorical variables at α = 0.05.  Response variable 
data were not normal, so we used a log-transformation and resulting model studentized residuals 
were normally distributed.  
Results 
We identified 62 macroinvertebrate taxa (2 to Phylum, 1 to Class, 3 to Subclass, 6 to Order, 49 to 
Family, and 1 to Genus; Table 1). The top model explaining variation in aquatic 
macroinvertebrates density included TREATMENT, DEPTH, and PRIOR (Table 2, 3). Model 
predicted densities of aquatic macroinvertebrates were 117.2% greater in partial drawdown 
(1,889.30/m2) than passive (869.76/ m2) wetlands, increased from 333.77/m2 at the shallowest 
DEPTH of 15.5 cm to 2,056.84/m2 at the deepest DEPTH (48cm), and differed (P < 0.001; 
Tukey test) between areas in full drawdown (3,083.19/m2) and partial (798.36/m2) and passive 
(855.85/m2) treatments the year prior, but densities in wetlands with partial and passive 
treatments the year prior did not differ (P = 0.82, Tukey test). The next best model explaining 
variation in density of aquatic macroinvertebrates also included a negative relationship with OW 
(Table 2, 3). There was a 9.3% model-predicted decrease in density of aquatic 
macroinvertebrates from the least percentage of open water (1,403.85/m2) to wetlands with 
nearly 100% open water (1,273.88/m2). We identified a single top model explaining taxa 
richness which included TREATMENT, DEPTH, and PRIOR (Table 2, 3). Partial drawdown 
(5.53 taxa/sample) had 37.6% greater taxa richness than passive (4.02 taxa/sample) wetlands,  
increased from 2.31 taxa/sample at the shallowest DEPTH of 15.5 cm to 6.58 taxa/sample at the 
deepest DEPTH (48cm), and differed (P < 0.001; Tukey test) between areas in full drawdown 
(7.03 taxa/sample) and partial drawdown (3.61 taxa/sample) and passive (4.15 taxa per sample) 
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wetland treatments the year prior, but taxa richness in wetlands with partial and passive 
treatments the year prior did not differ (P = 0.66, Tukey test). For the Shannon-Weiner Diversity 
Index we had four competing models and the null model retained some weight (wi = 0.01), 
suggesting a substantial amount of unexplained variation by our predictor variables. The top 
model was DEPTH with a model-predicted Shannon-Weiner Diversity Index of 0.11 and 3.60 in 
the shallowest (mean =15.5 cm) and deepest areas (mean = 48 cm), respectively.  The next best 
model also included TREATMENT, with a Shannon-Weiner Diversity Index of 1.11 for partial 
drawdown and 0.66 for passive wetlands; however, the Tukey test did not detect a difference 
between these treatments (P = 0.15). Models including MONO and INVASIVES suggest a weak 
negative affect of percent cover of monotypic cattail and invasive plant species (Table 2, 3). For 
each 10% increase in monotypic cattail or invasive plant species we detected a 4.8% and 10.8% 
decrease in the Shannon-Weiner Diversity Index.  
Summary 
Riparian freshwater wetlands are hydrologically dynamic and biota in these areas are adapted to 
flooding and drying processes (Murkin et al. 1982, Reid 1983). In our study, partial drawdown 
wetlands provided substantially greater aquatic macroinvertebrate food resources of greater taxa 
diversity to juvenile birds during summer, but we also detected a positive response of aquatic 
macroinvertebrate density and taxa diversity to full drawdown the year prior to a partial 
drawdown or passive wetland management. Water depth during our study positively influenced 
aquatic macroinvertebrate densities and diversity which may be a result of additional niche space 
(Krebs 1999). In contrast to prior research, we detected that density of aquatic 
macroinvertebrates varied negatively with percentage of open water. This result contrasts with 
the findings that half-vegetated wetlands produce the greatest aquatic macroinvertebrate densities 
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(Murkin et al. 1982).  Similar to prior studies, we detected that aquatic macroinvertebrate 
diversity varied negatively with percentage of monotypic cattail and invasive plants. Overall, our 
results substantiate that aquatic macroinvertebrate density and diversity responds positively to 
dynamic hydrological regime, niche space related to varying depths and vegetative structure, but 
negatively to areas dominated by monotypic stand of cattail and invasive plants (Lawrence et al. 
2016).  
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Table 1. Taxa detected during aquatic macroinvertebrates sampling at the Montezuma Wetland 
Complex, June – July 2016 – 2018. 
Taxa Rank 
Bryozoan Phylum 
Nematoda Phylum 
Gastropoda  Class 
Acari Subclass 
Oligochaete Subclass 
Collembola Subclass 
Trombidiformes Order 
Isopoda Order 
Diptera Order 
Trichoptera Order 
Ephemeroptera Order 
Hemiptera Order 
Gammarus Family 
Ceratopogonidae Family 
Baetidae Family 
Caenidae Family 
Leptophlebiidae Family 
Notonectidae Family 
Empididae Family 
Planorbidae Family 
Hydrobiidae Family 
Aeshnidae Family 
Libellulidae Family 
Coenogrionidae Family 
Elmidae Family 
Dolichopodidae Family 
Chironomidae Family 
Pleidae Family 
Corixidae Family 
Haliplidae Family 
Physidae Family 
Leptoceridae Family 
Mesoveliidae Family 
Dytiscidae Family 
Tricorythidae Family 
Bythnia Family 
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Chaoboridae Family 
Thysanoptera Family 
Hydrophilidae Family 
Obliquaria Family 
Limnneidae Family 
Sphaeriidae Family 
Curculionidae Family 
Culicidae Family 
Belastomatidae Family 
Veliidae Family 
Noteridae Family 
Sciomyzidae Family 
Ephydridae Family 
Valvatidae Family 
Vertiginidae Family 
Hydroptilidae Family 
Saldidae Family 
Hirundinea Family 
Gomphidae Family 
Perlodidae Family 
Glassophoridae Family 
Stratiomyidae Family 
Tabanidae Family 
Aphid Family 
Naucoridae Family 
Hydra Genus 
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Table 2. Mixed-effects models of aquatic macroinvertebrate density, taxa richness, and Shannon-Weiner Diversity Index from the 1 
Montezuma Wetland Complex, June – July 2016 – 2018. Only models with ΔAIC < 2 and the null models are shown. 2 
Response Modela  K Δ AICc    wi 3 
Density                 TREATMENT DEPTH PRIOR 7  0.0  0.66 4 
                 TREATMENT DEPTH PRIOR OW 8 1.7  0.28 5 
                 Null 1 18.7  0.00 6 
 7 
Taxa                 TREATMENT DEPTH PRIOR 7 0.0  0.68 8 
Richness  9 
                 Null 1 13.3  0.00 10 
 11 
Shannon-Weiner       DEPTH 2 0.0  0.21 12 
Diversity Index         TREATMENT DEPTH 4 0.2  0.19 13 
                                  DEPTH MONO 3         1.5        0.10  14 
                                  DEPTH INVASIVE 3         1.8      0.09 15 
                 Null 1 6.2  0.01 16 
 17 
aModels incorporated parameters of TREATMENT (partial or passive), mean water depth at sampled points (DEPTH), the treatment 18 
the prior year (PRIOR; full, partial or passive), and percentage of open water (OW), invasive plants species (INVASIVE), and 19 
monotypic cattail (MONO).  20 
bModels are sorted by AIC, and models with ΔAIC≤ 2.0 and null models are shown. The AIC values for the top models were 60.8, -21 
4.2, and 131.3 for density, taxa richness, and Shannon-Weiner Diversity Index, respectively. 22 
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Table 3. Parameter estimates (β) and 95% confidence intervals (CI) derived from candidate 
models (ΔAIC ≤ 2) of aquatic macroinvertebrate density, taxa richness, and Shannon-Weiner 
Diversity Index from the Montezuma Wetland Complex, June – July 2016 – 2018. 
Response Parameter β 95% CI 
Density Intercept 2.104 2.086 to 2.122 
 TREATMENT 
  (Partial) 
 
0.336 
 
0.330 to 0.343 
 DEPTH 0.020 0.020 to 0.021 
 PRIOR 
  (Full) 
  (Partial)   
 
0.552 
-0.051 
 
0.543 to 0.561 
-0.059 to -0.043 
 OW -0.072 -0.076 to -0.067 
Taxa 
Richness 
Intercept 0.116 0.106 to 0.125 
 TREATMENT 
  (Partial) 
 
0.139 
 
0.135 to 0.142 
 DEPTH 0.013 0.012 to 0.013 
 PRIOR 
  (Full) 
  (Partial) 
 
0.229 
-0.061 
 
0.224 to 0.234 
-0.065 to -0.056 
Shannon-Weiner 
Diversity Index 
Intercept -1.776 -1.810 to -1.742 
 DEPTH 0.049 0.048 to 0.050 
 TREATMENT 
  (Partial) 
 
0.103 
 
0.099 to 0.108 
 MONO -0.113 -0.121 to -0.106 
 INVASIVE -0.045 -0.049 to -0.041 
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